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INTRODUCTION

The SAS computer model was developed by JAYCOR to assist in the

evaluation of survivability and security of weapon movement within the TNF

(Theater Nuclear Forces). In performing this work, it was quickly discovered

that many scenarios involved both security and survivability considerations.

The interplay between security and survivability was often so tightly knit

that analysis of the two factors independently would not provide a realistic

solution. For example, consider the case of a ground movement scenario which

involves the attack on a ground convoy by a land based special operations team

(SOT). The objective of the SOT is to destroy or inflict sufficient damage to

the weapons being transferred as to render them inoperative.

Survivability models have been developed which will evaluate the damage

delivered to these weapons from sustained direct or indirect fire. Likewise,

security models will enable the analyst to evaluate the number of defense and

attack personnel incapacitated during engagement. Unfortunately, in our

investigation of available computer models used to solve problems of this

nature, we were unable to locate a model which would adequately combine the

aspects of security and survivability in a realistic manner.

In general, security models simulated force-on-force engagement

encounters, concentrating on attack force personnel firing at defense

personnel and vice versa. We were unable to find a security model which could

evaluate personnel firing at a combination of "material" type targets and

"personnel" type targets.

Survivability models which were investigated permitted analysis of both

material and personnel type targets; however, they did not allow for

modification in defense force or attack force strategy. Realizing these

deficiencies, an attempt was made to develop a methodology which would

integrate necessary components of survivability and security, providing damage

analysis for both material and personnel targets, as well as allowing the

analyst to modify defense and attack force strategy. The methodology to

7



combine both key survivability and security concerns has been developed and

implemented into a computer model called SAS (Stand-Off Attack Simulation).

The objective of this report is to familiarize the reader with the

methodology, use, and potential application of the SAS computer model. SAS

r analysis methodology is described in Section 1. This section also includes a

description of specific areas of model application, a discussion of the

advantages and disadvantages of the modeling technique used, and a list of
possible improvements to the model which would simplify data input, increase

simulation detail, and expand the areas of possible model application.

A summary of input required to execute the SAS model is presented in

~ j Section 2.

Section 3 describes an example scenario in detail. This scenario will beAused to illustrate a possible application of the SAS model and step the user
through an example execution. All input data is described in the text and

examples of simulation output is included. The usefulness of SAS output data

is best illustrated through an example such as that provided in Section 3.

H For this reason, this section also contains a description of the type of

output data generated.

Section 4 contains a terminal session description for the example

scenario outlined in Section 3. This section steps the user through the SAS.4 execution of the example scenario, illustrating the interactive questions used

to obtain input data and the format used to enter input data in response toI each question type.

Appendix A contains sample standardized input data forms which are used

to describe the details unique to a particular analysis. Following the blank

data forms are completed forms showing all data required to perform execution

of the example scenario described in Section 3.

Appendix B provides a description of the SAS model flow structure. Also

included are descriptions of the expected storage requirements, operating

8



system, source language used, and description of the computer system on which

the code is currently installed.

Appendix C contains a fully documented code listing of the SAS model,

including all subroutines used (excluding system furnished routines) and the

7 INCLUDE file. The INCLUDE file contains parameter values which define the

size of arrays and constants used within the SAS model.

Appendix D contains additional mathematical detail not provided in

Section 1.
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SECTION I

ANALYSIS METHODOLOGY

1.1 BACKGROUND

SAS is a two-dimensional simulation engagement model. Engagements
involve the analysis of opposing force personnel and may include damage to

selected material targets if desired. Attack force personnel an( material

targets are assumed to lie in a geometric plane parallel to the plane

containing defense personnel and material targets (Figure 1.1). Movement of

personnel and material targets is permitted during the simulation provided all

movement is in either a horizontal or vertical direction within the respective

attack and defense force plane. The sizes of personnel and material targets

are governed by the vulnerable cross-sectional area of the target as viewed

from the opposing plane. Targets, either of personnel or material type, are

described in terms of rectangular shapes. Target position is specified

relative to a fixed origin by x and y coordinate values corresponding to the

lower left-hand corner of the rectangular target.

Attack or defense force fire is directed toward aim points located in the

opposing force reference plane. Aim points are generally located in the

center of an opposing target; however, they need not be directly related to

any target nor appear within any opposing target area. This flexibility

permits SAS to simulate "scattered" weapon fire from either attack or defense

force personnel.

1.2 MODELING TECHNIQUE

The model uses Monte Carlo sampling techniques to determine the

probability a given target is hit by opposing weapons fire. To obtain the

probability that a player, firing at a particular aim point, may hit a

particular target, a given number of shots are fired by the player at the aim

point. The number of times the target is hit is divided by the total number

of shots fired (refer to Figure 1.2). Once probabilities of target hit have

10
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TARGET

AIM POINT

P(Target is hit)= (Number of shots hitting target)

Total number of shots fired

2

6 .33, for this example.

where,

r - Defines the radius of a circle around the aim point within which one-

half of all shots fired are expected to land.

-Denotes a sample hit point selected at random.

Figure 1.2 Monte-Carlo Techniques Used to Evaluate Probability of Hit
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been determined for all possible players, aim points, and targets, these hit

probabilities are used to modify the probability that a particular target will

still exist with time. An event scheduling array is maintained which allows

SAS to identify the next event to occur. An "event" can be any one of the

following:

* a player may be selected to fire;

* a player may select a new weapon to fire, or the firing rate of

the player's weapon may be modified;

e an aiming delay may be specified before a particular player may

fire his next round;

* a player or target may stop or start moving in a different

direction;

9 the strategy of a particular player may change (i.e., a modified

set of aim points may be selected for a particular player);

e the cover provided a target may change.

Strategy for attackers or defenders is defined by assigning a set of aim

points, which are ordered by priority for each attacker or defender involved

in the simulation. The probability that an attacker will continue to fire at

a specific aim point is proportional to the probability that the primary

target associated with that aim point is not destroyed.

SAS begins by computing probabilities of target hit by use of Monte Carlo

techniques for each possible combination of firer, aim point, and target.

These probabilities are stored in a three-dimensional array, denoted by

PNF,NAM,NT, where NF is the maximum number of firers, NAM is the number of

possible aim points, and NT is the number of possible targets. Pi,j,k

contains the probability firer i fires at aim point j and hits target k.

In order to compute each Pi,jk' a specified number of shots are fired at

13



aim point J. Each shot fired is assumed to follow a Rayleigh distribution

with an aiming error defining the firer's accuracy. The Rayleigh distribution

function is given by:

f0(-rZ 2o')P1 =f=. L e dr
-2e

where r is the distance from the aim point and PI is the probability that the

shot fired lands within a circle of radius r centered around the aim point.

For purposes of the SAS model, aiming error is defined as the radius of a

circle in which one half of the shots fired are expected to land. The "hit

point" of each shot within the opposing force reference plane.is expressed by

x and y coordinates relative to the reference plane origin. To generate x and

y coordinates from the Raleigh distribution, uniform random variables are

generated. These uniform random variables are then transformed to normal

random variables having mean /1=0 and variance or=.8493r. The variance a,

expressed as a function of r, is used to insure that the expected probability

of a shot landing within r distance of the aim point is 0.5. Refer to

Appendix D for the detailed description of how random variables are generated

from the Raleigh distribution.

Factors which effect aiming error are divided into four categories:

mechanical, environmental, human, and "other". Mechanical factors would

include the weapon bench CEP, amount of weapon recoil, anomalies in the

symmetrical weight of the round fired and the trueness of the bore of the

weapon barrel, for example. Wind (which could effect projectile flight), the

degree of darkness (i.e., daylight, dusk, twilight, etc.), fog, terrain, or

smoke (which could reduce the probability that the firer selects the proper

aim point at which to fire) would be considered as environmental factors.

Human factors would include the amount of training the firer has had, the

recency of training, and the effects of stress on the individual.

Other factors which affect aiming error include:

9 the amount of time available to the firer to aim between rounds

fired,

14



* the degree of which either the firer or the target is moving,

e possible target camouflage,

* distance between firer and target,

* firer's weapon type,

* maximum effective range of weapon.

SAS uses deterministic techniques to combine the target hit probabilities

generated by Monte Carlo methods into the probability a certain target exists

after N seconds have elapsed from the start of the simulation. The

probability that a given set of targets exists with time can be combined to

yield the expected number of targets destroyed with time.

SAS maintains a one-dimensional array which contains the probability that

each target involved in the simulation exists with time. The probability of

existence for a given target is modified whenever a member of the opposing

force is selected to fire and may either hit the target directly or inflict

damage to the target collaterally. If a firer is selected to fire and may hit

the target directly or indirectly, the probability that the target exists
after the firer fires his first shot Is modified by the probability that the

target is not destroyed by the firing event. Let PT P(the target exists
TE t+l

before firing event occurs). For the direct hit situation, PTE is computed

to reflect the probability that the target still exists after the firing event

occurs as follows:

t+l tP =p (1.-P P P)
TE TE AS FE TH

where:

t+1P = Probability target exists after shot is fired.
TE

Pt = Probability target exists before shot is fired.
TE
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PAS = Probability that this particular aim point is selected.

P - Probability that the firer still exists to fire (i.e., the
FE

probability that this firer has not been destroyed previously).

P = Probability that the target is hit given the firer fires at the
TH

particular aim point.

Recall that the probability a given target (i) is hit, assuming a particular

firer (J) fires at a particular aim point (k), has been computed previously

and is stored in Pi,j,k" PTH may be replaced by Pi,j,k when refering to a

specific target, firer, and aim point.

The variables enclosed in parentheses, 1 .-PASPFEPTH , represent the

probability that the target is not destroyed by this shot. Thus, the

probability the target exists after the shot is fired is equal to the

probability it exists before the shot is fired multiplied by the piobability

that the target is not destroyed by this shot.

Whenever a firer is selected to fire, he may have more than one aim point

at which to fire. Assume that N contains the number of aim points that the

firer may select. Then the probability that target i exists after firer k

fires his shot is expressed by:

N
p t (.- P p P)

Sk=1 kjim

where:

Pt+l = P(target i exists after firer j fires the shot)i

Pt = P(target i exists before firer j fires the shot)Pi

Pk = P(firer j selects aim point k to fire at)

16



P= P(firer j exists to fire)

Pm P(target i is hit if firer j fires at aim point k)

This expression can be further reduced to:

t+l N
Pi NP - P Pj PkPm

k=l

To analyze the effect of indirect target damage, the probability that the

target exists may be expressed as:

Pt+ M N_ i = jP(I E Pk km)
n=l k=l

where:

t+1
i Pi Pm' Pk' and N have been described previously,

M = Number of targets which if hit would result in collateral damage to

target i,

tP n , P(that target n exists before firer j fires next shot), where targetn!
n is a target which if hit causes collateral damage to target i,

Pm = P(that firer j fires at aim point k and hits target n), and

N - Number of aim points that firer j may fire at and hit target n.

Probabilities of target existence are modified as the simulation

progresses by both the direct hit and indirect hit expressions. After the

simulation time reaches the maximum time desired by the analyst, the

simulation model stops and lists the probability of target existence for each

target involved in the simulation. The analyst may also list the probability

17



of target existence at intermediate times during the simulation.

After probabilities of target existence have been developed, targets

possessing similar characteristics (such as defense or attack force personnel)

can be grouped together and the expected number of targets destroyed or

damaged can be calculated over time. This allows the analyst to estimate the

expected size of the remaining defense force or attack force at preselected

points in time. Any targets, such as number of vehicles destroyed, number of

(nuclear) weapons damaged, etc., may be grouped in this manner with their

expected number remaining with time calculated.

Standard conditional probability techniques are used to determine the

expected number of grouped targets that are destroyed at a particular point

since the beginning of the simulation. Assume that the array P for i - 1,N

contains the probability that attack force personnel I through N exist after

10 seconds have elapsed in the simulation. From this data, it is possible to

obtain the expected number of attack force personnel which have been killed.

First, the probability that exactly r attack force personnel remain after 10

seconds is computed. For this example, r would range from r = 0 (no attack

personnel remain) to r = N (all personnel remain). Let Pr = P(exactly r

N
attack personnel remain). P 0r = 17 (1 - Pt), which is the probability that

i=1

attacker 1 has been killed x probability that attacker 2 has been killed x

...probability that attacker N has been killed. The computer can rapidly

evaluate all combinations required to generate Pr for each possible value of r.

After all P values have been obtained, the expected number of attackr

force personnel killed (denoted by Ek) is evaluated via the expression:

N
Ek = iP

i=l

by definition of expected value.

18



For a more complete description of the methodology used by the SAS

computer model, the user is requested to read the documentation provided

within the computer code listing, Appendix C.

1.3 SPECIFIC AREAS OF APPLICATION

The SAS code is a generalized survivability model applicable to a wide

variety of situations in which adversaries fire weapons at guards and at

critical system components from prescribed distances. This includes scenarios

involving ambush of a ground or air convoy, mortar or RPG attacks on a fixed

site during outloading or maintenance, missile or bombing attacks on a secured

fixed site, and attacks by any kind of stand-off weapon on unhardened field

sites or dispersal locations. The model is specifically not applicable to

Tj attacks involving theft or sabotage of a covert nature. The computer model

PANL (Path ANaLysis, Reference 3) should be used for covert or stealth type

attacks.

4 Specific applicability of the model to a large number of situations with

currently deployed or under-development weapon systems is foreseen. These

potential applications are discussed in a general way in the following

paragraphs. Included in the discussion are Pershing, Lance, and the Ground

Launched Cruise Missile (GLCM).

Pershing, because of the requirement for quick reaction capability, is

vulnerable at QRA (Quick Reaction Alert) sites to conventional bombing or to

attack by terrorists or special operations teams (SOT) using a variety of

weapons. Mortars, rocket propelled grenades, missiles, automatic and

semi-automatic weapons and small arms are a few of the weapons which

terrorists or SOTs might use in attacking QRA sites from a standoff position.

Trucks, tanks, helicopters or fixed-wing aircraft might be used in the attack.

SAS is applicable to the analysis of Pershing QRA sites when various

types of survivability or security 'enhancements are being considered. Berms,

revetments, and various types of soft and semi-soft shelters may be analyzed.

Armored blankets and personnel shelters or armored fighting positions may be

included in the analysis as well.
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The attack modes described above may be mounted against other systems

during uploading for dispersal or for non-emergency relocation. GLCM and

LANCE must be mobilized and formed into convoys for dispersal, and smaller

weapons, whether or not they are protected by armored storage containers,

undergo a period of high vulnerability when they are removed from igloos and

loaded onto trucks, helicopters, or aircraft. A well-planned standoff attack,

timed to coincide with a dispersal or relocation operation, could constitute a

significant threat during the period when efficient mobilization for war is

imperative. Analysis of scenarios involving this kind of attack, with

variation on mobilization and dispersal procedures and equipment, could

provide significant improvement.

The standoff mode of attack is the one most likely to be used against

Pershing, Lance, or GLCM while in convoy to deployed positions or while hiding

in the woods. Such an attack requires less detailed planning by an agressor

than does a penetration attack, and there is less risk to him. He will

maintain his position at a distance from the target, and thus will be able to

escape more easily. This is true whether the attacking weapons are bombs,

missiles, or long-range rifles, and whether the adversary mobility is by

aircraft, trucks, or on foot.

It seems apparent that SAS could and should be used to analyze the

vulnerability of real systems to a number of real threats. Improvement

options now under development could be analyzed to determine whether they

provide increased survivability under attack situations which are highly

credible. We believe that SAS can provide a useful methodology in a realm

which bridges the area between the security threat and considerations which

have totally to do with survivability.

1.4 ADVANTAGES OF THE SAS MODEL

The SAS computer model offers the analyst complete control over all

parameters which significantly effect the outcome of a small scale engagement

situation. The SAS model accomplishes this goal while enabling the analyst to

complete an analysis in a relatively short time-frame. By use of standardized

data input forms, the completeness and correctness of all input data can be
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assured before executing the model. After the model is executed, data is

entered from the input forms directly in a specified order, thus minimizing

data entry time. SAS execution time is minimized by limiting the amount of

Monte Carlo analysis to determining only probabilities of hit. All other

calculations are analytical in nature, involving the use of conditional

probability and expected value techniques, which are more efficiently handled

by the computer. SAS evaluates the probability that personnel and material

targets remain undestroyed with time. Thus definition of engagementii termination criteria, such as the attack force refusing to continue after 25
percent of their total force has been killed, is left entirely for the analyst

1.5 DISADVANTAGES OF THE SAS MODEL

Some simulation models are entirely Monte Carlo in nature, allowing the

model to determine at any point in time whether a particular player is still

alive or has been killed previously. This feature is useful if the analyst

requires a deep level of detail. Using a model of this type, the analyst

could develop a type of "script language" which could specify the actions of

the various players based on other player's situations. For example, the

analyst could model a scenario in which player 1 would move to a new location

based on whether player 2 is still alive or has been killed. With SAS, the

analyst has the capability to move a particular player to a new location by

specifying the time relative to the beginning of the simulation when the

movement of the player is to occur. Because SAS considers only the

probability that a particular player has been killed, decisions cannot be made

based on the "condition" of individual players. If this amount of detail is

required, a code which employs Monte Carlo techniques throughout is suggested.

1.6 UNIQUE FEATURES OF THE SAS MODEL

Several unique features were built into the SAS model which were not

generally available in other security models surveyed. These features have

been found to be extremely useful in evaluating security/survivability

concerns. (Reference 4)
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e Specified groups of targets may be selected for further analysis

to determine the expected number of targets remaining with time.

In addition to the typical engagement outcome results describing

damage to the defending and attacking forces, the user is able to

obtain engagement damage to any set of targets. The type of

targets which may be analyzed include vehicles, both ground based

and air-borne, and any vital cargo being transported. Thus, in

addition to providing security/survivability outcome, the output

from SAS may be useful in logistics analysis where the expected

number of vehicles destroyed, for example, would be important.

e Some targets may contain other targets; for example, a truck may
contain a weapon container assembly which may contain a warhead,

a fuzing mechanism, and an arming mechanism. This permits

detailed analysis of each vulnerable component involved in the

security system analysis.

* The model is also capable of evaluating the probability of target

destruction in which the exact position of the target is not

known, for example, the unknown target position of a weapon

container in the bed of a canvas-covered truck, or personnel

hidden by thick foliage in which their exact location cannot be

determined.

The degree of obscurity that a particular target or set of

targets may possess can change during the simulation, for

example, smoke canisters may be released during an engagement

which could decrease the ability of firers to determine the exact

location of enemy targets.

* Automatic weapon fire covering a random area may be modeled with

SAS, as well as weapons which provide blast kill capability such

as grenade launchers or rocket batteries, for example.

* SAS also has the capability of analyzing collateral target

damage. Certain targets, if hit, may destroy or inflict damage
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on other targets. For example, vehicle fuel tanks, when hit with

incendiary fire, could ignite, inflicting damage on personnel and

material targets within the vehicle.

1.7 AREAS FOR FUTURE DEVELOPMENT

Possible improvements to the SAS model are discussed in this section.

Each improvement or refinement will be described and the reason the

improvement would be useful and the additional capability it will provide is

discussed. Improvements to be discussed fall primarily within the following

major areas:

* Simplification of Input Data Entry

Those improvements which increase the ability of an analyst to

generate and enter the data necessary to perform a simulation.

These improvements would also reduce the time required to modify

original data in order to analyze additional improvement options.

e Provide Additional Simulation Detail

Improvements which increase the detail of the simulation or

provide a more "real world" analysis capability.

1.7.1 Target Movement

Presently, the SAS user must model target movement by analyzing the

target in a series of fixed positions along the movement route. This

technique may be used to analyze target movement by means of situation "snap

shots" which freeze the target's position for a finite number of steps along

the movement path. An improvement would permit the analyst to specify a

beginning and ending position for a particular target along with its' movement

rate. The computer would calculate the target's position at a particular

instant in time. This capability would reduce the amount of input data

required to describe target movement and would eliminate discontinuities in
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output which often appear when the movement route is broken into a series of

fixed positions.

1.7.2 Graphics Tablet for Data Entry

Interactive data entry using a digitizing graphics tablet would greatly

reduce the amount of time required to specify terrain, cover, and target

shape. Since input time would be reduced, more targets could be modeled in

more detail.

1.7.3 Graphics Package for Verification of Input Data

Graphics software would display target shapes viewed at various

perspective angles verifying the correctness of input data prior to simulation

execution. This would permit an analyst to identify the vulnerable cross-

sectional area of the target as viewed from a particular opposing force

member's point of reference. The analyst could then use this inforatibn, or

a subroutine could be developed, to evaluate the probability that the opposing

force member could hit the target using the proper target orientation.

1.7.4 Data Base Development

A generalized data base would be constructed containing the sizes and

physical characteristics of various targets and weapon types. The SAS user

could then refer to this data base to acquire the data required for his

particular simuiation. This data base could either be computerized, allowing

the analyst to select and incorporate the data automatically, or the data

could be contained in document form in a manner compatible with the data entry

format used by SAS.

1.7.5 Confidence Interval Estimation

The simulation model could be expanded to include confidence interval

estimation. Generation of confidence Intervals helps the analyst interpret

the accuracy of the simulation results.
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1.7.6 Relaxation of the Parallel Plane Restriction

Currentlyopposing force personnel and material must reside in either the

attack or defense force planes. Movement of personnel or equipment out of

these planes is presently not permitted. This improvement would permit the

analyst to specify all target positions in terms of x, y, and z coordinates.

The coordinates specified would be relative to a single, fixed point origin in

space, thereby allowing the analyst to place attack and defense force targets

at any position desired.

1.7.7 Three-Dimensional Targets

Targets may be represented as three-dimensional volumes. Targets would

be constructed of adjoining quadrilateral plates. The targets would be

rotated to the "line of fire" from opposing force personnel and then the

vulnerable cross-sectional area of the target would be computed for the

firer's weapon type before the probability of hit is calculated.

1.7.8 Target Protection

Targets which cannot be destroyed or damaged by one round of opposing

fire are not presently considered. For example, a payload well protected with

armored blankets could not be damaged by an attack force using small caliber

weapons assuming a single round direct hit, because the round would not

penetrate target protection. It is understood, however, that subsequent

rounds fired on or near the impact point of the first round could weaken the

target protection sufficiently to result in payload damage or destruction.

The "multiple hit" possibility for those targets which require more than

one direct hit to penetrate target protection should be incorporated into the

SAS model. This improvement will permit the SAS model to analyze more complex

survivability-oriented scenarios.
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SECTION 2

INPUT DATA DESCRIPTION

Input data required for a typical SAS execution is divided into five

major categories:

4 Target Data

Target data is used to describe the size and shape of all

personnel and material targets the user wishes to consider in the simulation.

* Firer Data

Data which describes a potential firer's characteristics, such as

weapon type and response time, are included within this section.

* Aim Point Data

The aim point data section describes locations of aim points

which may be fired at by opposing force personnel during the simulation.

* Target Status Change Description

Data describing a particular target's movement, size or shape

change, or selection of new weapon type during the simulation would be

included in this section.

* Other Input Data

This section contains all other input data not included within

the first four categories. Names used for output files created during the

simulation execution would be one example of the type of data required for

this category.
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The data required for each category is discussed in more detail in the

text which follows.

2.1 TARGET DATA DESCRIPTION

For purposes of the SAS model, targets are objects whose destruction or

damage benefits the opposing force in the engagement. If we assume a ground

movement scenario in which a ground convoy is ambushed by a ground based

attack force, possible targets of interest for the attack force would be

defense personnel, the vehicles used to transport defense personnel and

payload, and the payload itself. Attack personnel would be considered as

possible targets for defense personnel. Targets are modeled by SAS as

two-dimensional rectangular areas.

To allow for situations in which the exact position of the target is not

revealed to the attacker, it is possible to specify an area in which the

target may be placed. To clarify this feature of the SAS model, assume that

the payload, which the attacking force is attempting to destroy, is located

somewhere on the bed of a large truck in which the rear section of the truck

is covered with canvas, preventing the attack force from directly determining

the exact payload location. Further, assume that the size of the payload is

small relative to the size of the canvas-covered truck bed. A target of this

type can be modeled using SAS by defining the size of the target (the payload

in this example) and specifying a random area in which the target may be

located (the rear of the canvas-covered truck).

In some situations, certain targets, if hit, may inflict damage to other

targets near by. For example, 3uppose the fuel tank of a vehicle was modeled

as a target. The tank, when hit with incendiary attacker fire, could igniite

and inflict damage to other targets such as defense personnel or vital

payload. Lacking a better term, we will call this type of indirect target

damage "collateral" damage. For each target identified and defined as input

to the model, a list of targets which would be collaterally damaged by hitting

this target must be specified. Before executing the SAS model, all targets

must be identified and their size and position defined.
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Due to aiming error, a firer may attempt to hit one target and actually

hit another. For this reason, a list of targets which could be hit by firing

at a specific aim point is required.

A standardized target data collection form used to obtain all required

target information is presented in Appendix A. This data form also

specifies data required to describe firer characteristics for personnel

targets capable of firing at opposing forces.

There are several data items required to define each target to the SAS

model. The format and use of each data item will be discussed separately as

they appear on the data form, Appendix A, Figure A.ib.

2.1.1 Target Number

First, the user must select a target number. The target number selected

for each target must be unique. Normally, targets are assigned numbers ift

sequence (1,2,...); however, the user may choose to assign target numbers in

any order.

2.1.2 Target Description

Following the target number is the target description. Target

description consists of at most 10 characters which are used to uniquely

identify targets to the user. Any printable character may be included in the

target description.

2.1.3 Target Height, Width

The height and width of the rectangular target area is measured in meters.

2.1.4 Random or Fixed

The user must now decide whether the target is random (lies within a

random area, exact location is unknown to the opposing force) or fixed (the

opposing force can recognize exact target location). An 'R' is entered
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indicating the target is found within a random area or an 'F' is entered

indicating the target is in a fixed location. The user must specify either an

-N 'R' or an 'F' for each target listed.

2.1.5 Lower Left Coordinate

For fixed targets, the user enters the x and y coordinates specifying the

position of the lower left corner of the rectangular target areas. The

coordinate values are relative to the origin in target's reference plane. The

x coordinate is the distance in meters from the origin in the horizontal

direction. The y coordinate is the distance from the origin to the lower left

corner in the vertical direction.

For random targets, the user enters the x and y coordinates specifying

the lower left corner of a random target area within which the target is

located. The x and y coordinate values are expressed in meters defining the

horizontal and vertical distance for the geometric plane origin.

2.1.6 Random Area Height, Width

For random targets, these parameters specify the height and width of the

random target area in meters. Random area height and width are left blank if

a fixed target is specified.

2.1.7 Can Target Fire?

If the target is a personnel target capable of firing at the opposing

force, the user enters a 'Y' indicating the target can fire; otherwise, an 'N'

is entered. Either a 'Y' or 'N' must be specified for each target involved in

the simulation.

2.1.8 Weapon Type

The user identifies the type of weapon used by entering a one or two

digit number. The weapons currently defined for use within the SAS model are

listed below with their associated weapon-type number.
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Weapon Type Weapon Description

1 M16

2 AK47

3 M60

4 50 Caliber

5 M79

6 RPG

7 M19

The weapon type is left blank if the target cannot fire.

2.1.9 Number of Rounds

The user enters the number of rounds of ammunition available. This

parameter is left blank if the target cannot fire.

2.1.10 Response Time

Response time specifies the time at which the firer begins firing at

opposing forces relative to the beginning of the simulation (time = 0)

measured in seconds. The paramecer is left blank if the target cannot fire.

2.1.11 Aim Points, Ordered by Priority

Aim point numbers of those aim points which the firer may fire at during

the simulation are ordered on their importance to the firer. When fire is

first initiated, the firer will attempt to hit the first aim point listed. As

the simulation progresses, the probability that the firer continues to fire at

the first aim point decreases proportionally to the probability the primary

target associated with the aim point has been previously destroyed. Aim point

numbers are left blank if this target cannot fire.

2.1.12 Collaterally Damaged Targets

A list of those targets which will be destroyed if this t-rget is hit by
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the opposing force is the last data item required for target description. The

order of the target numbers specified is not important. If fewer targets are

specified than spaces on the data sheet, leave the rest of the spaces blank.

2.2 FIRER DESCRIPTION

Each attack and defense force member firing at the opposing force must be

described. The description includes specification of a weapon type, response

time (time when firer begins shooting), amount of ammunication available, and

strategy. A summary of the input parameters describing a firer's

characteristics (can target fire, weapon type, number of rounds, response

time, and aim points ordered by priority) appearing on the target data form

have been discussed in the previous section.

2.3 AIM POINT DATA DESCRIPTION

A firer's strategy is defined by providing a set of aim points which are

ordered in terms of priority. Each aim point is associated with a primary

target. Normally, the aim point is defined in the center of the particular

situation modeled. In addition to the primary target, a list of other targets

in close proximity to the primary target which may be hit by firing at this

aim point must be provided. In some cases, it is more desirable to define a

region for an attacker or defender to fire into than a specific point at which

to aim. This is especially true if the exact position of the intended target

cannot be determined. SAS allows spray of fire into an area by defining a

rectangular shaped area in place of a fixed aim point. Shots are fired

randomly into the rectangular area assuming each section of the area is

equally likely to be fired into.

An sample form used to gather required aim point data is presented in

Appendix A, Figure A.lc. The data items required for aim point description

are in this section.

2.3.1 Aim Point Number

The aim point number is a unique number which the user assigns to each
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aim point considered in the simulation. Aim point numbers are usually defined

in sequence (1,2,...); however, they may be assigned in any order which may be

more convenient to the user.

2.3.2 Aim Point Description

The user must specify a unique aim point description which consists of at

most 10 characters for each aim point desired. Any printable character is

permissible within the aim point description. Normally, the aim point

description references the primary target associated with the aim point.

2.3.3 Random or Fixed

If the user wants to define the aim point as fixed, an 'F' is entered;

otherwise, a 'R' is used. Fixed aim points specify fixed points located in

the plane containing the opposing force personnel and equipment to be fired

at. Fixed aim points are specified whenever the opposing force can bbtain an

exact location of the opposing target area center.

Random aim areas, indicated by a 'R' entry, are used whenever the exact

location of an opposing target area is unknown or the strategy is to spray

automatic weapon fire evenly throughout an area without aimming specifically

at any target.

The user must define each aim point considered as either random or fixed.

2.3.4 X Coordinate, Y Coordinate

If the aim point is fixed, the x and y coordinate values specify the

location of the aim point in the opposing force reference plane. The x and y

coordinate values measure, in meters, the horizontal and vertical distance

from the origin to the aim point. Normally, for fixed aim points, the aim

point is placed in the center of the primary target associated with the aim

point.

If the aim point is random, the x and y coordinates specify the location
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of the lower left corner of a random aim area measured in meters from the

opposing plane origin.

2.3.5 Height, Width

Height and width are only specified when a random aim point is desired.

The height and width, expressed in meters, indicates the size of the random

aim area. These data fields are left blank if a fixed aim point is used.

2.3.6 Targets Which May be Hit by Firing at This Aim Point

The last data entered on the aim point data form involves a list of

possible targets which may be hit when this aim point is fired at. The first

target number entered is considered the primary target associated with the aim

point. Order of subsequent target numbers is not important. Should the user

specify fewer target numbers than spaces on the data form, the remaining

spaces should remain blank. The target which is closest to the aim point or

most likely to be hit by firing at the aim point should be listed as the

primary target.

2.4 TARGET STATUS CHANGE DATA

A target status change is specified by entering four parameters: the old

target number, the new target number, the time the status change occurs, and

the delay time for the new target to commence firing after the status change

occurs. The data form used to obtain target status change information appears

in Appendix A, Figure A.Id. The target status change parameters are now

discussed in more detail.

2.4.1 Old Target Number

The old target number is the number of the original target assigned at

the beginning of the simulation. This number identifies the target whose

status will be modified.
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2.4.2 New Target Number

The new target number points to a new set of target information which

will replace the target information previously obtained when referencing the

old target number. Information pertaining to the new target is transferred to

the old target, destroying previous information used to define the old target

characteristics.

2.4.3 Status Change Time

Status change time specifies the time in seconds from the start of the

simulation when the target status change is to occur.

2.4.4 Delay Time

The user may choose to specify a delay time before the new target

commences firing after the status change is complete. The delay time

parameter can be used to specify a player's reload time, aim time, or time

required to acquire a new weapon

2.5 OTHER INPUT DATA

Other data required to perform a SAS simulation primarily concerns the

specification of input and output files, names, starting and ending time for

simulation results, and manner in which results are stored when the simulation

is complete. Due to the self-explanatory nature of these parameters, they are

not described within this section. Refer to Appendix A, Figure A.la and

Figure A.le, for questions asked to obtain additional input parameters

required to perform a SAS simulation.
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SECTION 3

EXAMPLE APPLICATION

The application of the SAS model to evaluate the outcome of an ambush

attack on a nuclear convoy will be presented. The objective of the attack is

to destroy or render the weapons being transported by the convoy inoperative.

The scenario details and modeling assumptions required to evaluate the

engagement outcome are presented in two sections: scenario overview and

scenario details. The scenario overview describes the scenario in a general

sense and is used to acquaint the reader with the situation just prior to

0 ambush. The second section, scenario details, provides more detailed

assumptions concerning movement rates, weapon characteristics, number and

location of defense and attack force personnel, vehicle type and size, and

both attack/defense personnel cover and protection.

3.1 SCENARIO OVERVIEW

A nuclear convoy is transporting weapons to a fixed storage site. The

convoy is enroute on a public highway when the attack occurs. The convoy

consists of nine vehicles which carry defense personnel, nuclear weapons and

required communication equipment. The attack on the convoy occurs without

forewarning; hence, the defense force is taken totally by surprise. The

attack is initiated by detonation of pre-placed mines under the roadway used

by the convoy. Detonation of these mines is timed to effectively destroy the

lead weapon-carrying vehicle and prevent further progression of remaining

weapon-carrying vehicles beyond the mine detonation point. The mine

detonation also isolates vehicles and personnel which have proceeded beyond

the mine detonation point from involvement in the ensuing engagement between

defense and attack forces concerned with protection and destruction of weapons

in remaining weapon-carrying vehicles. Figure 3.1 shows a "bird's eye" view

of the scenario situation just prior to mine detonation.

The attack force consists of 11 men who have pre-positioned themselves in

well-hidden, protective foxholes or behind large trees to minimize the amount
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LMG(Light Machine Gun)

RPG(Rocket Propelled Grenade Launcher)

LMG
6

RPG 5 ehicle 4

ATTACK FORCE RPG 4 Vehicle 3

LM 3 ehicle 2(Security Force)

RPGW S. Vehicle I

RG Mine Detonation Point
RPG1

DIRECTION OF MARCH

Figure 3.1 "Bird's Eye" View of Ambush Scenario Just Prior to Mine Detonation
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of body area exposed to defense force weapon fire. Each attack force

member has well-defined objectives and strategy when the engagement starts. A

portion of the attack force is used to tie down the three lead vehicles and

the one trailing vehicle, preventing personnel on these vehicles from directly

.1 assisting personnel located on weapon carrying vehicles throughout the

engagement. It will be assumed that the attack force personnel used to pin

down defense personnel in the lead and trailing vehicles will not enter into

the engagement between defense personnel on remaining weapon carrying

vehicles. Thus, the encounter situation which will be modeled by SAS involves

the remaining six attackers (numbered 1-6 in Figure 3.1) and the defense

personnel on trucks (numbered 1-4).

Since the attack occurs without forewarning, defense personnel do not

respond with return fire immediately. In all cases, the first person

responding from each vehicle is the assistant driver. After the vehicles have

stopped, defense personnel located in the rear section of each vehicle, along

with the vehicle driver, will respond. The vehicles will attempt to proceed

through the ambush area, if possible. Although the defense vehicles have

limited off-road capability, the attack force has carefully chosen its ambush

site to prevent vehicles from continuing beyond the mine detonation point.

The vehicles are assumed to stop on the roadway grouped fairly closely

together, with the lead vehicle approximately five meters from the mine

detonation point.

The convoy is in continuous communication with an additional back-up

response force. Once the attack has been determined, the back-up response

force is notified via personnel in the command-control and communications

vehicle. The time required for the back-up force to respond to the ambush

attack is five minutes. Due to the expected short duration of the engagement,

additional support provided to the defense personnel on Trucks 1-4 by the

back-up response force will not be considered.

3.2 SCENARIO DETAILS

All necessary assumptions required to perform the simulation, with the

exception of specific individual player strategy and collateral target damage
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assumptions, are described in this section. The purpose of this section is to:

& describe assumptions used in this particular example, and

9 familiarize the reader with the parameters which must be

identified and defined prior to performing any simulation4 involving the use of the SAS computer model.

3.2.1 Convoy Composition

* The nuclear convoy, shown in Figure 3.1, is composed of four

load-carrying vehicles, one security personnel vehicle and the lead and

trailing escort vehicles. Each load-carrying vehicle contains three nuclear

projectiles within a standard container. The security vehicle contains six

* security personnel and equipment. The vehicles composing the convoy are

ordered as follows:

9 Route recon vehicle

9 Command-control and communications vehicle

e Security-lead vehicle (M115)

e Two load-carrying vehicles

e Security force vehicle

* Two load-carrying vehicles

9 Trailing security vehicle

3.2.2 Security Force Distribution

All vehicles contain a driver and assistant driver, both trained and

equipped with issue M416 rifles. All load-carrying vehicles are equipped with

an M60 as well as the 1416 rifles. The ambush procedure of mine detonation

under the first load-carrying vehicle isolates the three leading vehicles from

the main body, while the trailing security vehicle is also diverted by direct

fire. These security elements are, therefore, unable to directly assist the

main body. The force-on-force encounter then involves principally security

force personnel (drivers and guards) of load-carrying mission vehicles and the

security guard vehicle personnel, excluding the defense personnel on the lead
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load-carrying vehicle which was destroyed by the mine detonation.

3.2.3 Personnel Assumptions

Defense personnel are assumed to remain completely exposed to fire.

Since time involved in the stand-off attack phase of the SOT assault is only

20 seconds, it is assumed that if a defender sustains a hit, he will be

considered ineffective in providing retaliatory fire. For this reason,

defenders, while in moving vehicles, are assumed to have 0.9 square meters of

cross sectional area exposed to fire. Defenders in moving vehicles are

modeled as rectangles with height of 1.2 meter, width of 0.75 meters. Figures

3.2 through 3.13 show the size and position of defense personnel within their

respective vehicles.

Notice that in each of the figures there is a number associated with each

vehicle and each defender within a particular vehicle. These numbers will be

used to uniquely identify each defender involved in the simulation. For

example, DITI denotes Defender 1, Truck 1. Similar numbers are used to

uniquely identify weapons, weapon containers, defense force vehicle engine

areas and members of the attacking force. WITI, KITl, and ETI, for example,

will be used to denote Weapon 1, Truck 1, container for Weapon 1, Truck 1, and

Truck I engine area, respectively. Al is used to uniquely identify attack

force member 1.

After vehicles stop, defense personnel are assumed to be limited in their

selection of possible defense positions. By scenario definition, the convoy

is being attacked from the right. On the left side is a steep drop which

cannot be used effectively for defensive positions and precludes vehicle

maneuvering. Thus security personnel are forced to take defensive positions

behind their respective vehicles. Security personnel remain in prone

positions exposing approximatelyO.04 square meters of their body to fire,

modeled as a rectangular target 0.15 meters high, 0.25 meters wide. Figures

3.10-3.11 show the position of defense personnel after vehicles have stopped,

while Figures 3.6-3.9 are the intermediate positions.

Attack personnel are In defensive positions exposing only their heads to
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direct fire from the security defensive personnel. It is assumed that roughly

0.02 square meters of each attacker's body is exposed to direct fire, modeled

as a square target measuring 0.125 meters on each side. Refer to Figure 3.14

for size and location of attack force members. A particular attack force

'V member is identified by the character 'A' followed by the number of the

attacker. Al, for example, is used to refer to the attack force member 1.

3.2.4 Vehicle Assumptions

Detailed dimensions of each vehicle involved in the stand-off attack

simulation are given in Figures 3.2-3.13. All vehicles involved are assumed

to be canvas-covered flatbed stake trucks. Each truck is 8.0 meters in total

length. The engine section of each vehicle measures 1.1 meters in height by

$ 1.6 meters in width. Vehicles are assumed destroyed if hit by an RPG in the

engine section, or by fire if the fuel tank is ignited. The cab section of

each vehicle is assumed to measure 2.3 meters in height by 1.6 meters wide.

The canvas-covered rear section of each vehicle is modeled as a redtangle 4.8

meters long and 3.0 meters high. The fuel tank is located directly behind the

vehicle cab below the truck bed. The fuel tank is also modeled as a

rectangular target measuring 0.4 meters high by 1.4 meters in length.

Vehicle engine areas are denoted by 'ET' followed by the truck number.

For example, ETl is used to refer to the engine area of Truck 1. The rear

section of the canvas-covered truck is uniquely ref ered to by 'CT' followed by

the truck number. Thus, CTl would be used to identify the canvas-covered rear

section of Truck I. Vehicle fuel tanks are denoted by 'GT' followed by the

truck number. GTl is used to refer to the fuel tank on Truck 1.

3.2.5 Vehicle Movement Assumptions

At the point of mine detonation, all convoy vehicles are assumed to be

traveling at 40 KPH. Immediately after mine detonation, all vehicles

decelerate uniformly. The distance required for each vehicle to come to a

complete halt was determined by subtracting the starting position (x

coordinate value in Figures 3.2 through 3.5) from their stopped position (x

coordinate value in Figures 3.10 through 3.13). The stopped positions were
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selected to provide a minimum of 5 meters separation between each vehicle.

The distance for Truck I to come to a complete stop is 148 - 120 = 28 meters,

for example. Assuming each truck decelerates uniformly, it is possible to

calculate average positions of each vehicle. Truck 1, which is closest to the

mine detonation is assumed to stop in 5 seconds. The last vehicle, Truck 4,

is assumed to require 10 seconds. The other two vehicles are evenly spaced

over the 5-10 second interval. Truck 2 is assumed to stop in 6.67 seconds,

and Truck 3 is assumed to stop in 8.33 seconds.

The location of each truck after mine detonation is then given by the

expression:
2x(t) = x(o) + v(o)t - 1/2 at

where:

x(t) = location of truck in meters from origin (along x axis)

x(o) initial truck position in meters from origin (along x axis)

v(o) initial truck velocity in meters/second (40 KPH = 11

meters/second)

a = constant value of deceleration in meters/second
2

t - time elapsed since mine detonation in seconds.

The location of each vehicle when stopped is given by:

x(t = x(o) + v(o)t s + 1/2 ats

where:

X(ts) location of truck when stopped measured from the origin

along the x axis

t s  time required for truck to stop (point when v(t) = 0.)

Because the deceleration of each truck is constant, it is possible to

solve for "a" in each expression and set the resulting expressions equal:

a = 2/t2 x(t) - x(0) - v(0)t

a -2/t2 x(t) - x(O) - v(0)t s

Thus,

2/t2 x(t) - x(O) - v(O)t = 2/t2 X(ts) - x(O) - v(0)t
s s
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1. 1

or

x(t) = x(o) + v(o)t + xts- x(o) - v(o)t][t/ts 12.

The average position of each truck is determined at time t t /2 in thats

deceleration is constant.

For example, the average position of Truck 1, x1 , is then given by:

X= 120. + 11(5./2) + [148- 120- 11(5.)]5/ 2

= 140.75 meters.

Figure 3.15 illustrates the location of all trucks in terms of distance

from the origin along the x axis in meters varying with time from mine

detonation. For analysis purposes, the average truck positions will be used

during the period when the trucks are decelerating.

3.2.6 Weapon Assumptions

Nuclear weapon projectiles are assumed to have a cross sectional area of

0.105 meters, which, if hit by either automatic weapon fire or RPG fire, will

result in damage or destruction. The cross-sectional area resulting in

destruction was assumed to be 0.15 meters high by 0.7 meters wide. Each

weapon-carrying vehicle is loaded with three nuclear projectiles. The

projectiles/containers are secured in the center of the truck bed, arranged in

a linear fashion equally spaced over the bed length.

Standard containers were placed around weapons which, if hit by rifle

fire outside the dimensions of the nuclear round, would cause the weapons

within the container to be rejected, pending a detailed inspection and

certification process. Components such as the fuzing and arming mechanisms

would be included within the weapon container target. Each container was

assumed to contain one nuclear weapon. Container targets with associateo

damage and destruction hit regions are shown in Figures 3.10-3.13. Each

container is assumed to be 0.5 meters high and 1.5 meters long.
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The weapon area resulting in destruction if hit is denoted by the weapon

number followed by the truck number. WiTI is used to refer to Weapon 1, Truck

1, for example. A particular weapon container is denoted by the container

number followed by the truck number: KlTi is used to refer to Weapon Container

1, Truck 1. The average position of the weapons and weapon containers within

moving vehicles (considered Position 1) is shown in Figures 3.6 through 3.9.

The position of weapons and weapon containers within stopped vehicles

(considered Position 2) is shown in Figures 3.10 through 3.13. The second

position of all targets is denoted by adding 'P2' to the end of their unique

three or four character designation. Thus, KlTIP2 is used to refer to

4 Container 1, Truck 1, position 2, for example. Character designators without

* the P2 suffix refer to targets in Position 1.

-; 3.2.7 Defender Strategy Assumptions

Once the convoy is aware of the attack, an attempt will be made to

continue with the convoy movement and push through the ambush area. However,

by scenario definition, the roadway is completely blocked by the mined vehicle

and debris generated from the initial mine detonation. As the vehicles

decelerate, the assistant drivers are assumed to be the only defensive

personnel capable of immediate response. Each assistant driver will direct

counter fire at the source of received automatic weapons fire (attackers

designated numbers 3 and 6). After both attackers with automatic weapons are

defeated, defensive fire will be directed at attack force personnel having

RPGs. After all vehicles have halted, defenders use trucks for cover and

concentrate counterf ire primarily on attackers with automatic weapons. When
attackers possessing automatic weapons are defeated, fire will then be

directed at the source of RPG fire (Attackers 1, 2, 4 and 5).

3.2.8 Attacker Strategy Assumptions

In general, Attackers numbered 1, 2, 4 and 5 attempt to destroy Trucks 1,

2, 3 and 4, respectively, by firing RP~s at the truck engines. After trucks

have been stopped, the attackers use the RPGs to fire at rear sections of

trucks, attempting to destroy either personnel or weapons. Attackers 3 and 6

attempt to eliminate defense personnel. Attacker 3 is assumed to concentrate
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fire on defense personnel in Trucks 1 and 2, while attacker 6 attempts to

defeat security personnel in Trucks 3 and 4. Attackers 3 and 6 will place

most emphasis on hitting both drivers and assistant drivers before firing at

additional security force personnel in the rear section of Truck 2. Fire will

not be directed at truck fuel tanks. The fuel tanks may be hit from indirect

small arms fire, but will not be considered as primary targets.

3.2.9 Aim Point Assumptions

Aim Points Used by Attack Force. Attackers employing RPGs use the

center of the forward engine section as arn aim point when attempting vehicle

destruction. The center of the rear canvas-covered truck bed is the aim point

when trying to hit weapons or security force personnel. Attackers employing

automatic weapons aim at the center of defender targets whenever those targets

can be visually acquired. Security force personnel located in the rear

section of the security vehicle cannot be seen directly. These personnel are

therefore attacked by spraying the rear canvas-covered truck sections randomly

with automatic weapon fire. After each vehicle has stopped and defenders have

assumed defensive positions behind their vehicle, all defenders are modeled as

fixed aim points.

Aim Points Used by Defense Force. Attackers are assumed to be

concealed in brush and surrounding foliage. Identification of the exact

location of the Special Operations Team members is therefore difficult. Key

signatures are used such as sound, intermittent muzzle flashes, smoke, and

movement to identify regions in which attackers are located. Defenders direct

automatic weapon fire into those regions which they have identified as the

sources of fire being received. Attackers remain in preselected positions

throughout the 20 second duration of the force-on-force attack sequence.

3.2.10 Defense Force Weapon Assumptions

Drivers in each vehicle are armed with M16 rifles. The firing rate is

established as 175 rounds per minute for the 20 second encounter, and is based

upon an equal combination of semi- and fully-automatic firing modes. The time

required to exchange magazines was also incorporated into this average firing
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rate. In addition to the drivers, two security guards in the rear section of

Truck 2 are also armed with M16 rifles and are assigned the same firing rate.

Assistant drivers, or guards, and three security personnel in the rear

section of Truck 2 are armed with M60 machine guns. A firing rate of 550

rounds per minute was used for this weapon. Selection of this firing rate was

based on similar factors used to determine the firing rate used for the M16.

The remaining security force personnel in the rear section of Truck 2 are

armed with the M79 grenade launcher. The M79 rate of fire is 15 rounds per

minute. A lethal kill radius of 5 meters was established for each M79 round.

Thus an attacker would be considered a casualty if the distance between the

attacker and the point of detonation of the M79 round was less than or equal

to 5 meters.

3.2.11 Attack Force Weapon Assumptions

Attackers 1 and 3 are armed with the AK47 rifle with an average firing

rate of 200 rounds per minute. The remaining attackers are armed with an

equivalent RPG weapon with firing rate of 5 rounds per minute. RPGs were

assumed to be armor piercing weapons, effective for destruction of vehicles,

should vehicles be hit in the forward engine section. RPGs were not modeled

as having a lethal kill radius for personnel or weapons, because the canvas-

covered rear section of the truck would not provide projectile detonation.

Refer to Table 3.1 for a summary of weapon types and associated firing rates

for weapons used for both the attack and defense forces in the simulation.

3.2.12 Attack and Defense Force Separation Distance Assumptions

For simplicity in simulation input, the defense force and attack force

are assumed to reside in two parallel planes 75 meters apart. Thus, the

minimum distance between and attacker and defender is 75 meters.

3.2.13 Aiming Error Assumptions

For purposes of this analysis, weapon-accuracy was considered to be a

59



rate. In addition to the drivers, two security guards in the rear section of

Truck 2 are also armed with M16 rifles and are assigned the same firing rate.

Assistant drivers, or guards, and three security personnel in the rear

section of Truck 2 are armed with M60 machine guns. A firing rate of 550

rounds per minute was used for this weapon. Selection of this firing rate was

based on similar factors used to determine the firing rate used for the M16.

The remaining security force personnel in the rear section of Truck 2 are

armed with the M79 grenade launcher. The M79 rate of fire is 15 rounds per

minute. A lethal kill radius of 5 meters was established for each M79 round.

Thus an attacker would be considered a casualty if the distance between the

attacker and the point of detonation of the M79 round was less than or equal

to 5 meters.

3.2.11 Attack Force Weapon Assumptions

Attackers I and 3 are armed with the AK47 rifle with an average firing

rate of 200 rounds per minute. The remaining attackers are armed with an

equivalent RPG weapon with firing rate of 5 rounds per minute. RPGs were

assumed to be armor piercing weapons, effective for destruction of vehicles,

should vehicles be hit in the forward engine section. RPGs were not modeled

as having a lethal kill radius for personnel or weapons, because the canvas-

covered rear section of the truck would not provide projectile detonation.

Refer to Table 3.1 for a summary of weapon types and associated firing rates

for weapons used for both the attack and defense forces in the simulation.

3.2.12 Attack and Defense Force Separation Distance Assumptions

For simplicity in simulation input, the defense force and attack force

are assumed to reside in two parallel planes 75 meters apart. Thus, the

minimum distance between and attacker and defender is 75 meters.

3.2.13 Aiming Error Assumptions

For purposes of this analysis, weapon-accuracy was considered to be a
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function of:

* separation distance between the target and firer,

e velocity of the target, and

* aiming errors inherent in the particular weapon employed.

Environmental factors, such as wind, were not considered. Aiming error

inherent to the particular type of weapon employed was determined from

references, or selected based on expert opinion.

Any change in separation distance between the firer and target was

assumed to effect the aiming error as a ratio of the total separation distance

over the standard separation distance. The calculation of the modified aiming

error, assuming the separation distance is more than 75 meters, can be

illustrated by the following geometric figure.

AE SAE

ISDIST

ADIST

AE (Aiming Error) at distance ADIST is given by: AE = SAE *ADIST/SDIST.

where: SDIST - Standard Separation Distance. Distance between firer and

target used as a baseline reference.

SAE - Standard Aiming Error. Radius in which 1/2 of all shots

fired are expected to land, assuming a distance between

firer and target of SDIST.

ADIST - Actual Distance between target and firer.

AE - Aiming Error assuming distance between firer and target

is ADIST.

The standard aiming error is expressed as a distance in meters. This

distance defines the radius of a circle in which one-half of all rounds fired
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are expected to hit. The aiming error used f or automatic weapons was 0.5

meters when the separation distance was 75 meters. Reference 1 indicates

small variations in aiming error exist between the M16, AK47, and M60;

however, ranges given for aiming error of these weapons significantly depends

on the firer's training and environmental factors. The aiming error values

for a separation distance of 75 meters were averaged for each automatic weapon

type. The value of 0.5 meters was thus selected as representative.

Aiming error for the RPG and M79 were calculated as 1.12 meters and 15

meters, respectively, for a standard separation distance of 75 meters.

Due to the average target velocity of 20 KPH, an increase to the static

aiming error by a factor of 1.5 was used. Table 3.1 summarizes the selected

4 aiming errors associated with each weapon type for targets in a moving or

static state.

4 Table 3.1 - WEAPON ASSUMPTIONS

Weapon Type Target Velocity (KPH) CEP (M) Firing Rate (R/Min)

M16 0. .5 175.

AK47 0. .5 200.

M60 0. .5 550.

50 Cal 0. .5 550.

M79 0. 15. 15.

RPG 0. 1.12 5.

M19 0. .5 450.

M16 20. .75 175.

AK47 20. .75 200.

M60 20. .75 550.

50 Cal 20. .75 550.

M79 20. 22.5 15.

RPG 20. 1.68 5.

M19 20. .75 450.
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3.3 INPUT DATA SUMMARY

Refer to Appendix A for a complete listing of input data used to simulate

the scenario previously described. Standardized data forms which aid in

organizing the large amount of simulation input data are also included in

Appendix A. These forms help insure that all information required for the

simulation has been obtained. After the forms have been completed, the model

is executed and form information entered interactively in the same order that

it was originally written on the forms. Thus, by using the standardized data

forms, an analyst having a minimum amount of prior computer experience may be

able to perform a SAS simulation.

3.4 SAS OUTPUT

Output from the SAS model consists of probabilities that a particular

target will still exist after a fixed amount of time has elapsed from the

beginning of the simulation. Figure 3.16 shows a typical SAS output listing

for the analysis of the baseline ground convoy scenario described in detail

earlier in this section. Across the top of the output listing is time elapsed

in seconds from the beginning of the simulation. Output is printed each

second for the first 20 seconds into the simulation. All targets are listed

in the column nearest the left hand side of the page. The remaining

information within the output listing gives the probability that each target

exists after a given amount of time has elapsed. The following information is

supplied to help correlate the targets appearing on the left hand column of

the ouput listing with those mentioned in the report previously:

D represents defender,

A represents attacker,

W represents weapon (critical component),

K represents weapon casing and container,

G represents gas tank or fuel tank,

E represents engine,

T represents truck.

The first number on the far left is the target number, and numbers
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following characters denote the specific target. For example, target number

18, which Is given by D8T2, represents Defender(D) 8 on Truck(T) 2.

Figure 3.17 (a and b) shows the conditional probability that a given

number of targets within a particular group remain undestroyed with time. The

probabilities for Group 4 (Figure 3.17b, Attackers) are the conditional

probabilities that a specific number of attackers remain with time. For

example, after 10 seconds into the simulation, the probability that one

attacker has been killed is 0.458. Notice that probabilities sum to one for

any column of probabilities. This is because all possibilities are

represented (i.e., for any amount of elapsed time into the simulation, the

probability that no attackers have been killed + the probability that one

attacker has been killed +...+ the probability all six attackers have been

killed must sum to 1.). The figure also gives the expected number of

attackers killed with time. For example, after 20 seconds, approximately

three (2.64) attackers have been killed. The model does not attempt to

establish an attack or defense force quit criteria. Definition of when the

engagement terminates is left to the analyst.

Graphs such as the one shown in Figures 3 .18a and 3.18b may be

constructed to show the expected number of targets which have been destroyed

as the simulation progresses in time. This graph is intended only as an

example of one method to visually display SAS results. The figures from the

output listing do not necessarily correspond to values shown on the graph.
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SECTION 4

EXAN'PbE TER4,INAL, SESSIOW

$ A tyticel user termilnal session Is presented to Illustrate 0
* hojm SAS *ould be used to perforT' analysis of the examrle scenario 41
* Presented in Chapter a , Example Apvlcptlon. This Informfation is

$ Intendedi te aid the user in understenlinQ the SAS date entry pro- 41

ced'Jre. Cotn'ents, enclosea it) asterisks, contain explanatory*
re.ar* FniloiV the nor'al loa-on Procedure-, the user beoins the *

* tar,~1nal session which follow$.*

S~TRJ SAS
QF~ IN PPUT DATA FILE?

IN;PLI .DAT
PJDIFY TAPGFIF .q'F R!U'.? -JIFR-RU'l

STA~r Tl E, F!, Ilm FOP SINUtATIO OUrpur?

- -~ * Since this Is tne f!rst SAS execution of this scenario, the
* natA base files have not tean Initialized. In orner to Initialize *

* tnese flies prior to i1ata~ entry, tne user presses Z' while holdina*
* t~e C'>d. kcey do.gn(Ienoted by CTRL Z). After data base files nave *

At beens lrit!alizel, this 4ueStion IS aaan aSKed an6 St that Point the
* user *111 enter the startinct an-' endino simiulation tim'es.*

CTRL Z
i-1 .1TCALlZE PR )EA1LTlY P1ATA BASE

4-n.AA 'I, p-.);-. rr A ki sz VALLUE
5-XXrIFY P;.A6. eAST VfL'JrC

A~iF 'tF hTA' PQG~iA~lL1Tk DAIA eASE FILE?
P40F D~.AT

7-VA~i ' r sr:TT DATAs tASE
3-1 .IiIlAL1 Z-. Al PIO1N! '.4A A ASE
4--;A1'.. c~~ iASE V.AL'II

5-inl~Fx' DAOTA BASE VAI.UE
2I %AF OFP NTA TARGET ' ATA BASE FILE?

2-I1LTIALI.Z. I 1A-GFT vtll 'e ASE
3-1I1TIALIZ- All POINS' tCArA AASE
4-kZXA' l*E PJ) DATA RASE VALUE
5-1''DIFY PP -. * DATA SASE VktJE
3
'.AeF OF 1-Fo AI!A PflT'vT DATA ASE FILE?
A I '.DAT
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1-I';ITIALTZE: PRDBNTIUY T'ATA 94SE
2-1-ITIALIZ7 TA GFI 041k bASE
3-J.TT*liL.IZ;Z AIM~ POINT DATA $3ASEr
4-4T -F P- OR. DAITA 'ASE VALUE
5-C,)dFY P,^ VATrA f4ASE VALUE

* At this point the User haS initialized all of the date files
* reouire5 for SA' execution. The user presses 'Z' while holdina down
* rr'e CTRL key to end data base initialization.*

cfRIL, Z
ST~kPT Tl1' E, E?-D TImF ~fl' SI4'JiATI0N OUTPUT?

TIJE. INTERVAL AT WHIC'4 RFSULTS ARE DISPLAYED?

NU-E OF HRn4ARE OPTID'. TITLES?
3
TIMLE I?
SIT ATTACt. ')% GQCUND CO~'JOY

T17L.E. 2-r

' ITLF 3? CCTI FtT?
.%ASLLT,g

OJI ?JT.*DAr
iAq uF* PiO0j Ali,17V DATAS -4SE FILE?

1t.;GET nATA FILF 'vA"E?

..IF IARC;'r INFORMATION.

TA-.ZCFT MjIESRITI-Y

Din1

1.2 .75
Ok FTXFO TARGET AREA? F-FIXED, R-RANDOi

F
?LAR(ET ARIKA, LO-ER: X CrIIP., Y COOR.?
146. .1I CA'o TAQC7T FlFi? Y-VES, N-4n
Y
iLAPO2. TYPE?

*q.PEP OF knl!'JrS AVAIVAFLE?
36G
RESP045F '1'E?
7.
kI1I4 P0)I'TS(ORflERE0 'Y PRIORITY)?
t9 22 17 Id 2A 21 0 0 (1 0
TA(,VETS Dh-'AGF:D) PY i4ITTIdG TATIS TARGET?

TARGFT NJUPER?
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TARGET OESCRIPTIDI?
D211

t.2 .75
RA!n.fO R FIXEfl TkQGET AREA? F-FIXED, R-RANDOM

T4R(;T AREA, LU^EP.: X COOQ., Y COO)R.?
146. .1
CAN TARGET FIRE? Y-YES, N-NJ

yFAPcYV ?YkOE?
17

300CI
RESPONSE TlfME?
2.
4j4 ppnIjTs(,,RF1 ,y pRIORITy)?
19 2 17 lb 20 21 0 0 0 0

TkRC:FTS LA'AG; , D BY HITIIG THIS TAR5ET?
0000000000O

*ss**sss* To avr:#, unnece*.s*****repetition,**all;other:data:#contained*In

th~eir Initlil cositions is entereJ In a similar fashion~. we will now*
* contin~ue with entrv of data for trie last taroet in It's Initial

o ositioni.

7ARG~i.

TARGFr PESCRIPI~r?

* 125 .125
RI, .DO'1 OR FIXP.0 IAR-:.T ARiA? F-FIXV', R-RA'JDOM

rAkGFT AREA, t0E:X COOR., Y COO7R.?
109. 0.

-~AP0), TY~i?
16
%0'.R OF R3J'.DS AVAILASLR,?
1000

*AIM POVIISV'tRfERE1' 'Y PRIORITY)?
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* A)l taroet information on the target data forms has been *

* entered for targets in tneir initial positions. T e user now types *

* a °Z" while deoressing the CTRL key to end the target data input
* section.

CITL Z

All, POINT DATA FILE NA%?
At%.DAT
E.:TER Alm~ P0 TkT I-,Ff7RvATtON.
AI,4 POIVT U1,RP?
1

AV POINTDESCRIPTION? -i:.::A~: IT

146. 75 .7
rAR,;iT$ %ICH PAY SF 41T PY FiRING AT THIS AIM POINT?

1 7 5 8 9 0 a 0 0 0 0 Q' 0 0 C
V'. P,1P1 $!bI
2
%II' P(.,Il] D $5CRIPTJ0%?
D2TI
RDO" LIP FIXED Alw POJ!T? F-FIXED, R-RANDOm

l: )RI JATES OF A1 FCT.T X, Y?
14b.375 .7
T"PGFIS -I7H LAY Sk HIT e WIRING AT THIS AIM POINT?

2 1 5 8 9 () 0 0 C 0 0 0 0 0 0 0

$ Anain to avoid undue reoetition, only the last alm ooint will*

S no-: bp enterel. All otler air ooints which were not entered ore-
* viously are entered in a similar manner. *

Alm POIlrNT 'JMPER?
4,.
&lv PrIPT DSVCRIPTI,.?

RIA.VuGA OR FV1Fr) AI PO'? F-FTIrED, R-RAVOO.

Tg1PDI:ATE.S OF AI POINT X, Y?

116.2 .55
ThPGETS :HICH f/AY BF 4YT AY FIRING AT THIS AIM POINT?

4-1 31 32 33 34 35 36 37 34 3Y 0 G 0 0 0 0

* To end tie alm poi-t data gatherino section the user types *

$ "7' while Ieressino the CTKL Key. $

CTRL, Z
F',IER STATOi" CHA"GE PVC)!1RAl0N.
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* ~Status chnfge Infor-at ion Includes both tne target data for
* eU t~roets in tnelr norl-initlaj positions and the status change time*

* a-i tar~et nu'rners In tne im*out daA forms.

TARGET NUvbEk?
47
TARGFT It eFPT I V?
'J1TIF2
rARGFT fEiIGt,T~, h!TT"?
.15 .25

RAi.D[O- OR FIXED T~FT AREA? F-FIXFP), R-RANDCM

TkRGE.T AR;A, LD~'ER: X CL-)OR., Y COOR.?
.2 14b. -. 5

CAN TARGET FIRE? YYF'S, N-NO*1 ~ EAPC2. TYPE?
4 NJVREP UF W '0- DS OVl:,ARTAE?

* *'c'ktiCe that RESPON4SE TIMPI~ s no loncer renuired for taroets
Jrn th'eir "or.-Initial positions. In Place of respo'nse time, an

* initil1 lelAy Is reauestel later In tne Interactive terminal session.*
Inlhs 6elav Is not relative to tne oeoinrnlno of the sim~ulation, as Is *

* resp'onse tire, rather It is relative to the time at Wh'ich the taroet *
* stamtus clanle occurs.*

A F: t"ISUrIR[r L(~r '-Af PR! RILYJ'i
* Ir 22 17 )E 20 22 u 0 0

TAcGIS Db,'.GF;D bY 1TIv Th~lS TARGET?

ST.ATOS C6i'.(E TI4 , 1-JTI'AL DEbAY, OLD TARGET NUMBER?

It RC-El %UvFFF
4.'
TLOSET D LSCk I P I O?

1)21 --I H FP2 , 1 T

.lb .25
RA!,J0'4 Olk FIXED TA~R(7T AREA? F-FIXED, R-RANDO4
F
T1Q(CET ARIEA, 1,O"tR: X CCV)Q., VMI?

Chi TARGel FIRF? V-YES, 61-:40

4F4P0'j T~v1E?
6
% .'Akri, ri ' A~'~0 VAILAP1LR?
301)0 n
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ai ! P 1TS(0ROEPE0 RY PRIORITY)?
19 22 17 1b 20 21 0 0 0 0
TkRCIF'TS DA.!AGD FRY KITII:.G 1'HIS TARGET?
0 0 0 0 0 0 0 0 0 0

STATUS ChArjGE TTPF, INITIAL DELAY, CLD TARGET NUMbER?

5. 0. 2

* To avoid unnecessary repetition, only tne data for the last *
$ nn-initiaJ taroet will be given. C

1ARGE1 DESCRIPTION?
AbP2
[ARGET HEIGHT, 4rDTH?
.125 .125
RANDOW OR FIXED TARGLT AREA? F-FIXEn, R-RANDO

TARGET AkFA, LOFQ: X COOR., Y COOR.?
109. 0.
CA! TARGFr Fl l? Y-YES, N-NO
Y
4EAPO! TYPE?
5
APIP03ER OF RJU'.DS AVAILALM'?
10;) 04 AIM4 P0INTS(QR'i.kED AY PRIORITY)?
42 3? 41 37 20 30 31 32 33 34
74RG1:'15 D;'&GTD &Y 4ITTIG THIS TARGET?
3 0 0 0 0 0 0 0 0 0
STATOS ChArGE lik, INI'rIAL DEIAY, OO TARGET NUMOFR?
10. 0. 46

* After all status chance infortation has been entered. tyoe *

* Z' w~lle IoldIr4 down ths CTRL key.

CTRL 7
1; lU , OF TAR ETS IN rOUP?

TIRGFTS F4 ,I i COP1.D II !AL PR04AeILITY SHOULD BE DISPLAYED?
49 50 51 69 7f, 71 7? so 81

* 1he firsr target qrouv corresponds to all weapon targets. *
* , otice ttqt t~e final tarjet numbers are used when specifling the tar-*

* let arouo, not the initial numbers. *

-PJi-.ER OF' TAPC"P:TS IN GrUUP?

TV1GETS FOR "iIC4 CONDITIrINAL PROABiILITY SHOULD BE DISPLAYED?
5? 53 54 72 73 73 8? 03 84
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* The second oroup specifies all wea on containers which if hit*
* would rosutt in a possible mesoon relection. 4

1!URFR OF TARGETS IN GROUP?
14
TARGETS FOR 4dlCH CONPVTIObAL vROBhILITY SHOULD BE DISPLAYED?
47 48 57 58 59 60 61 62 b3 64 67 68 77 78

"I 4 The third group of targets correspond to the set of defend- *

NJMBER OF TARGLIS IN GROUP?
6
TARGETS FCR wHICH CINnIlIO'4AL PRORARILITY SHOULD BE DISPLAYED?
87 88 *9 91 91 92

* The fourth group corresvonds to all attacker targets. *

NUV-1EW OF, ' GF rs p, (.Hojp?
4
TARGETS FrR *HICH CGITlUAL PRO;AILITY SHOULD PF DISPLAYED?
56 66 76 86

4*4 ***444444*4******4444************44444*444*****************

* The fifth qroup contains all vehicle engines. *

* The user has now svecifiel all target grouOS he wishes to ** consider for this simtilatlon. It so happens that in this case the *

* maximum number of Oroes(5 arouos) was desired. Phen the maximum *
* number of qrouPs nave been chosen, the iooel autonatically proceeds 4

* to the next data item. Since toe target groups are the last data *
* Ire to enter before the sJ.,,ulation is run, this Is all the user has $
4 to Input for thlF example. Should you desire fewer target orouos, *
* tnis input loop may be terminated by entering 'Z' wnile holding the *
* CTRL key 'own *
***4**4* *********4***4*********************44*****4********4**4

4**************444*44*************************444*******44*4***

* The si'iulation is Complete when a 'S' prompt Is returned to 4
* tte user's terTInal. Simulation output can be found in the output *
* file soecIfJed by the user(In this case the file OoTPUT.D4T was used.*
* The user may type tre file to his screen by typino TYPE OUTPUT.DAT or*
4 may list the contents of the file on the line printer by typina *
* PRINT OLTP!I.PAT atter the I' prompt. *
* A s.ole of the output for this example Is presented In Figure 1. *
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APPENDIX A

STANDARDIZED INPUT DATA FORMS

Input information required for SAS execution is classified into three

areas: target data, aim point data, and other input data. Other input data

consists of all data which is not related to target or aim point data

directly. The target data, aim point data and input data files will be used

to store all required input for a SAS simulation. To facilitate obtaining and

entering the large amount of data required for a typical SAS execution,

standard data forms have been specifically designed to obtain the required

data for each of the three information categories. Examples of blank data

j forms to gather necessary target data, aim point data and other input data are

presented in Figures A.1 (a through e). The input data forms are useful in

- Iorganizing input data and assuring the analyst that all necessary data has

been obtained prior to execution of the SAS simulation. After data forms have

been filled out and the SAS model is executed, the data on the forms is

entered interactively in the same order which it is filled in on the form.

The information which is required for each data form is contained in

completed data forms for this particular example, which are presented

separately in Figure A.2 (a through q).
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INPUT DAThi FORM, page t.

Name of input data file (10 chars. max.)?__________________

Start, end time for simulation output?__ __________________

Time interval at which results are displayed?__________________

Number of hardware option titles (1-5)? ____________________

Hardware option title I? _____________________________

Hardware option title 2 (if no more titles, leave rest of option titles blank)?

.1 Hardware option title 3 (if no more titles, leave rest of option titles blank)?

Hardware option title 4 (if no more titles, leave rest of option titles blank)?

I Hardware option title 5 (if no more titles, leave rest of option titles blank)?

Name of file to contain results (1.0 chars. max.)?______________

Name of probability data base file (10 chars. max.)?_____________

Target data file name (10 chars. max.)? _________________

(File out Target Data Form next)

Figure A.la Data Forms Used to Acquire SAS Input Data (Input Data Form, page 1)
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Old New Status Delay
Target Target Change Time
Number Number Time

If all status changes have been entered. fill out input Data Form -Page 3. otherwise
* continue entering status changes on new Input Data Form - Page 2.

Figure A.ld Data Forms Used to Acquire SAS Input Data (Input Data Form, page 2)
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INPUT DATA FORM, page 3

Number of targets in Group I?___________ ______________

Target numbers in Group I? __________________________

Number of targets in Group 2? ___________________________

Target numbers in Group 2?

Number of targets in Group 3?__________ ______________

Target numbers in Group 3? _________________________

Number of targets in Group 4? __________________________

Target numbers in Group 4? __________________________

Number of targets in Group 5? __________________________

Target numbers in Group 5? __________________________

Number of targets in Group 6? ________________________

Target numbers in Group 6? __________________________

Number of targets in Group 7?___________ ______________

Target numbers in Group 7? __________________________

Number of targets in Group 9? ___________________________

Target numbers in Group 3?

Number of targets in Group 9?___________ ______________

Target numbers in Group 9?

Number of targets in Group 10? ________________________

Target numbers in Group 10? ____________ _____________

When all target groups have been entered, all data required for the simulation

is complete.

Figure A.le Data Forms Used to Acquire SAS Input Data (Input Data Form, page 3)
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INPUT DATA FORM, page 1

Name of input data file (10 chars. max.)? INPUT.DAT

Start, end time for simulation output? 1.0 20.0

Time interval at which results are displayed? 1.0

Number of hardware option titles (1-5)? .2

Hardware option title 1? SOT ATTACK ON GROUND CONVOY

Hardware option title 2 (if no more titles, leave rest of option titles blank)?

STATE: TRANSITION

Hardware option title 3 (if no more titles, leave rest of option titles blank)?

Hardware option title 4 fif no more titles, leave rest of option titles blank)?

Hardware option title 5 (if no more titles, leave rest of option titles blank)?

Name of file to contain results (10 chars. max.)? OUTPUT.DAT

Name of probability data base file (10 chars. max.)? PROB.DAT

Target data file name (10 chars. max.)? TARGET.DAT

(File out Target Data Form next)

Figure A.2a Completed Input Data Form, Page 1
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Old New Status Delay
Target Target Change Time
Number Number Time

1 47 5.0 0.

2 48 5.0 0.

3 49 5.0 0.

4 50 5.0 0.

5 51 5.0 0.

6 52 5.0 0.

7 53 5.0 0.

8 54 5.0 O.

9 55 5.0 0.

10 56 5.0 0.

11 57 6.67 O.

12 58 6.67 0.

13 59 6.67 0.

14 60 6.67 0.

15 61 6.67 0.

16 62 6.67 0.

17 63 6.67 O.

18 64 6.67 0.

19 65 6.67 O.

If all status changes have been entered, fill out Input Data Form - Page 3, othervise

continue entering status changes on new Input Data Form - Page 2.

Figure A.2n Completed Input Data Form, Page 2, Targets 1-19
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Old New Status DelayTarget Target Change TimeNumber Number Time

20 66 6.67 0.

21 67 8.33 0.

22 68 8.33 0.

23 69 8.33 0.

24 70 8.33 0.

25 71 8.33 0.

26 72 8.33 0.

27 73 8. 33 0.

28 74 1 8.33 0.

29 75 8.33 0.

30 76 8.33 0.

31 77 10.0 0.

32 78 10.0 0.

33 79 10.0 0.

34 80 10.0 0.

35 81 10.0, 0.

36 82 10.0 0.

37 83 10.0 0.

38 84 10.0 0.

if all status changes have been entered, fill out Input Data Form - Page 3. otherwise
continue entering statua changes on new Input Data Form - Page 2.

Figure A.2o Completed Input Data Form, Page 2, Targets 20-38
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Old New Status Delay

Target Target Change Time
Number Number Time

39 85 10.0 0.

40 86 10.0 0.

41 87 $.0 0.

42 88 6.67 0.

43 89 5.0 , 0.

44 90 8.33 0.

45 91 10.0 0.

46 92 10.0 0.

If all status changes have been entered, fill out Input Data Form - Page 3, otherwise
continue entering status changes on ne Input Data Form - Page 2.

Figure A.2p Completed Input Data Form, Page 2. Targets 39-46
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INPUT DATA FORM, page 3

Number of targets in Group 1? 9

Target numbers in Group 1? 49 50 51 69 70 71 79 80 81

Number of targets in Group 2? 9

Target numbers in Group 2? 52 53 54 72 73 74 82 83 84

Number of targets in Group 3? 14

Target numbers in Group 3? 47 48 57 58 59 60 61 62 63 64 67 68 77 78

Number of targets in Group 4? 6

Target numbers in Group 4? 87 88 899091 92

Number of targets in Group 5? 4

Target numbers in Group 5? 56 6676 86

Number of targets in Group 6? ________________________

Target numbers in Group 6? __________________________

Number of targets in Group 7? ________________________

Target numbers in Group 7?_________________________

Number of targets in Group S? ____________________

Target numbers in Group 8? ________________________

Number of targets in Group 9? ________________________

Target numbers in Group 9?___________________________

Number of targets in Group 10?________________________

Target numbers in Group 10? _________________________

Figure A.2q Completed Input Data Form, Page 3
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APPENDIX B

GENERAL MODEL INFORMATION

B.1 SAS MODEL FLOW STRUCTURE

The SAS computer model consists of a main executive routine and five

subroutines. The major function of the executive routine is to modify the

probability of target existence array and schedule the next event to occur as

the simulation progresses. The main routine directly communicates with three

of the five subroutines. Subroutine GINPUT is the first routine called by the

main program. GINPUT is called to obtain all necessary input required to

perform the simulation. This routine also insures that probabilities of hit

have been computed for all target/aim point/firer combinations when targets

are in their initial positions.

As the simulation proceeds, requests to modify the status of certain

targets will occur. Subroutine STATC11G is called to insure the parameter data

describing the new target status has been stored and probabilities of hit are

computed for the target whose status has been modified.

After the simulation has finished, subroutine CONDPRO is executed to

evaluate the expected number of targets destroyed and conditional probability

that a fixed number of targets remain with time.

Subroutine GETPTH is called from both subroutines GINPUT and TAREXEC.

Subroutine GETPTH determines the probability of hit for a specific target,

firer, and aim point combination.

Subroutine TAREXEC is called from subroutine STATCHG. Subroutine TAREXEC

is used to handle data base storage and retrieval of information required to

perform the target status change. Once the proper information describing the

new target status has been obtained and stored, subroutine GETPTH is called to

evaluate the probability of hit for the status change target.
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The general flow structure of routine calls vithin the SAS model is

* summarized in Figure B.

* B.*2 STORAGE REQUIREMENTS

SAS creates a direct access data base file used to store probability of

hit for each combination of target, aim point, and firer. Disk storage

* requirements used to store the SAS program source code, object code, and data

base f ile are approximately 20K blocks, where each block contains 512

bytes or characters. The amount of storage required depends on the complexity

* of :he simulation. The estimate of 20K blocks is based on a simulation with a

comparable level of detail as the example presented in Section 3.

I B. 3 SYSTEM CONFIGURATION

The SAS model was developed on a VAX 11/780 computer system utilizing the

* following peripherals:

Memory: 768K bytes Extended Core Storage (ECC)

MOS memory (with floating point accelerator)

Disk Drives: RM03-67 megabyte hard disk drive

Printer: LP05-600 lines per minute

Terminal: VT-100

The operating system used while running the SAS simulation model was the

VAX/VMS virtual memory operating system.

B.4 SOURCE LANGUAGE

The SAS computer model is written entirely in extended VAX FORTRAN IV.

Although an extended type FORTRAN was used, an attempt was made to minimize

the use of instructions which would not be available in ANSI standard FORTRAN,

thus allowing the code to be transferred to another type computer more quickly.

102



*11

0

I 480

LU,

0)0

0.103

- U



APPENDIX C

DOCUMENTED SAS CODE LISTING

C.1 INCLUDE FILE

The include file used by SAS contains a set of parameter statements used

to define array dimensions and selected variable values used by the SAS model.

Should the size of an array need to be altered by the user for a particular

application, the user may appropriately adjust the array dimension parameters

defined in the include file without modifying the SAS model. The model may

then be recompiled and executed with the new array dimensions used. Whenever

the statement INCLUDE 'W.INC' appears in the documented SAS computer listing,

all statements contained in the include file are inserted.

C W.INC -- Constants used in SAS.
PARAMETER MAIMPRY = 10 ! Maximum number of aim points per

C ! target, ordered by priority
PARAMETER MAIMPTS = 60 ! Maximum number of aim points

PARAMETER MGROUPS = 10 ! Maximum number of groups in TGROUPS
PARAMETER WSEED1 = 23 ! Initial seed value for RANDU
PARAMETER WSEED2 = 41 ! Initial seed value for RANDU
PARAMETER WSEPOIS = 75 I Minimum separation distance
PARAMETER WSHOTS = 100 ! Number of shots fired to find a

C ! probability from, using Monte Carlo techniques
PARAMETER WSTATC = 99 ! Maximum number of status changing targets
PARAMETER WTARGS = 140 1 Maximum number of targets
PARAMETER WICOLAT = 15 ! Maximtum number of collateral targets

C 1 destroyed when a target is destroyed
PARAMETER MTMITGA - 16 ! Maximum number of targets than can be

C ' hit, given an aim point
PARAMETER MTITLEL = 30 1 Maximum length (in 2-byte words) of hardware

C ! option title
PARAMETER MTITLES - 5 ! Maximum number of hardware option titles
PARAMETER MTMINTS = 20 ! Maximum number of time intervals
PARAMETER MWTYPES - 22 ! Maximum number of weapon types

C end of W.INC.

C.2 DOCUMENTED SAS CODE LISTING

A documented code listing of the SAS computer model is provided in this

section. Th6 listing is intended for the reader who desires specific details

on the operation of the model.

104



L PRC,'(..I,. SAS
TI CI, U E * .,I C"

C ')%00, /LI/ ECP(4I'Y$S) !AimmIn error array.
. ,,'o,. /L2/ -TE(. TYDCS) !Ae0pon firinq rate array.

Ci *D" /U4/ PTVXISf(v'AiQC3) !Probability that a particular

! tarqet exists with time.
C M-) /n ,, VJTrM('TAQGS) !FVEarTC(I) - Next status

ch!nie event time for tar-
j et 1.

Cr -Ol /L'*/ N'*MTA'("T R,;S) !Array of teroet numbers.
C> /,,,JJ/7/ 1TIARO"5S(M1:GS, 5) !Array of 10 character taroet

descrintions.

C Cl /LP/ V H ('-R.S, 6) !Array containing target data.
C' /i IL/ ,TfPF(,TAAGS) !Array containing firer's

1 veaon type.
C-- O'j /LI'/ :,ROU'IDS( TAbGS) !u~er of rounds available to

* eaeh firer.
I, I AI /MI/ Y , ToRf(R', IS k I'PRY) tArray listina aim points by

! Priority for each firer.
! NAIMPRY(Il thru MAIMPRY)
! contains all aim points for

I firer r, with NAIMPRY(I,I)
being ost imoortant,

! NATAPRY(T,2) being second,
ano so on.

C*.'.*ql /t17/ TC1 AT("TAQGC, TCCLAT) lArray soecifinq tarqets which
! Tav te collaterIly damaaed.

! *ITCOLAT(T,1 thru ATCOLAT)
cont i~s all'targets which
Tay 'e coll.aterlly damaged

* ty nittin target NUUTAR(I).
/tj3/ .'''A I A 1, A?15) !rray of aii Point numeers.

v: . ; /~t4/ Iar,.zc(AI,-:T3, 5) !Array of 1' character aim point

ifescrintions.
rr / 1 5/ 41IC'4A:( &I' PfS, 4) *Array of aim point data.
C '. /LI6/ *.TwIITA(.A')rS, 'r- A) Array soecifina a list of tar-

o aets WniCh cou1d be hit by
Sfirno at ait point

Z' /L17/ i-SIILTS(IORG$, 'IT-I::YS) !Array used to store simulition
! resultg. RESLLIS(1,J) -ould
! contain the orooaDility that
! target I would still exist
! after J time intervals have
! elapsed.

CO0O4 /L1/ PTAR"Ir("TkAGS, -At4PRY, ITHITGAi !Array used to store
! crooanilttles of hit.
1 PTARH[T(I,J.K) contains the
! the orooabiity that firer
! .'UITAR(I) fires at aim point
! ?U"AI4P(J) and %its target
I Jv'TAR(K).

COJN /L19/ ,AEOPF(5) !Name of output file where
! results are to be written.
I 4axinum of 10 characters.
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u uvation.
RVA1. PrEXSV(%1ARGS), RiAF( T IJrS) !PTEXSV Is used to temporarily

! save the PIEXIST array while
! comOutiln collateral damage
* effects.
! RTI4E is used to orint out

tim~e headinqs in results
! OUtOut.

I T GER -IOX(VTARGS) !NFIOX is an array used to determine
! the inlex of the next at-
! tacker or defender to fire
! Entries into the NFIrjX, array
! are oointers into the
! PTEXIST and IjUMTAR arrays.

I ITARDES

C Initialize Al-in'l error for eacn weapon tyoe.

D1C-1 4CFP/0.5, 0.5, 1.5, 0.5, 0.5, 0.5, 0.5, M.5, 15.0, 1.12, 0.5,
1 (j.75, 0.75, 0.75. 0.75, 0.75, ,0.75, 0.75, 0.75, 22.5,
2 1.6q, 0.74, 1.0, 1.0, 1.j, 1.0, 1.0, 1.0. 1.0, 1.0, 3n.O,
3 2.24, 1.6/

In!tialize flring rice for each weacon tvye.

&T5 -RiTF/1.7t 4, 6.316, .31p 0.343, 0.3, 0.109, 6.0, 0.109, 4.0,
1 12.(,, 0.133, 1.711, 6.31 , c,.315, 0.343, 0.3, 0.109,
2 6.(), ).104, 4.0, 12.0, .134 , 1.714, 5.31A, 13.316, 3.0. 1.2,
3 1.2, ;.11, 0.1 *q, 1.-), 12.0, 0.133/

Inittalize ".aKluI' aAon kill ril is for each we~oon tyoe.

L T'. .;:/AP/" .0, 0.0, n.0, O.0, 0.0, (.0, 0.1, 0.0, 5.0, 0.0, 0.0,
I O., 0.0, 0.C, O.n, 0.0, 0.), 0.0, 0.1, 5.0, 0.0, 0.0,
2.o, .w., o.0, .o, 0.0, .., 0.0, 0.0, 5.0, 0.0, 0.0/

t-

CI.PUT is callel to i.nsire all data 'as been obtained for the simula-
C tion 'lnv all norhAo!lities of hit )ave ,een determined.

C-,,W, -1"P,!T

If [ An error occured vnile o,3-3jjto iorut, branch is taken to avoid
S incnrrect simulation results.

IF (JKRkOR NF. 0) C0 1) 4100

S-ei als fir tne random nuroer qeneration routine RA.DU are Initial-
- iae.

C Initiitz r:1 to beii the sI,-iiiation.
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raI; =9.
C

Set tne next statis cianoe event time to ireater than the total simula-
2tion tine. ThiS valje of ST',I! IS usel if no status channeS are neces-

sarv.

SV A I% = TAAX1.O

I' status coanoes were sDecifiedo SrATCHG is called to obtain the tite
w.nen tne first status cianje occurs. This value is stored in STEIN.

IF (4STrCS oGT. 1) CALL S$ TCHG

C TLRS is set to tne Point in time 4men simulation results were last

C savel. Tnts value is 1ied in determininq 4hen to save the next set

of output results.

r R S= rSTaPT-Pvi~raTC

I L, Is the nurroPr of simulation result sets saved.

ILQS =I

Initi zte Probarilitv of existance anri nimt-er of rounas fired for

each firer.

00 101 1 = 1, ^ITAQS
I-EXISt(T) = .

Tne filloinq code section letermines Onether Tore than one firer is

* scned'ilqj to tire at the oresent instant In ti-no. I1'JEO contains the

C number of firers ,no are scheduled 1, fire.

Initialize ,t'") t) I firer.

201 J"I*J = I

- maximIZO tne -eXt firtna time in TN vt. IITV is usd to obtain the

- firini ti~e for t-' naxt lefender nr attacker to fire.

6oo0 for all firers to letermIne the firer or set of firers to fire.

00 501 1 = I, VTAwS

7 fre ftrline tji.e for firer 1, FVriTTA(1), is co.Toared to T4Ip, the

S lo-st firina tine found so fr . If FVENrTm(I) is ireater than TmTh:,
no Action is taken and tots firer will iot fire until later. If

S~EVE~rrA(I) is eiual to.TMI1, another firer has been found with a firinq

euAl to tne mini.um firno time oreviously found. He will be consider-

C e As a candidate t- fire at this tive ajoni with all other firers
C navini toe sa:e "next shot" firing time. Toe index of this firer is
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- sived In t.'e ',FID.( array. Tf EVE4TT(IM It Less than the lowest fIrLng
* tim-! fo~ifl so far, this firer necomes the orine cAndilate to fire. All
C information concernln'i orevioji canhidates is Jestroved by gettinO

: AIz) tn 1. The Index "t this firer is saved. and the T41N value Is
reeiic*J to t'e firina timj. of this firer.

I-. ~300. 403, 500)

C Set I I! to t?)e next -iorium event tive found thus far.

C Set t 'e ij'.rer of f Irers f ound navino f irinq ti~res eouial to the new
C .-tni7n' event ti"e to 1.

Store tne InIex of t i- firer mavinj the nea mtIimuP event ti-e Into the
*ltEarrsy.

ITnX(l):r

incre'ent te, njiner of fir-rs n.avinQ -"tni. un event time.

430 +.l~

nrain hACK to ton Of lioo If tne event tire !or all firers has not
* - fn c cee. Atter ill firer's firinol tiT-s navo @!eoln compared, V~t.

* ill c'nrtij tne 1 Ini -it tirin time, 4ICA *111 contain ItIlcies of
-311 tir-rs navinq t-1-; 1i -.- H i1,4 ti's. aimi 'vlI'E. mill contain thie

- num-er of firers -iti eiuai ini"'jm firlin times.

) eter,,Jne xr~e-~er E-e next set of resuilts snoull ?-e saved.

%Q : is tne tiPle at .rlch tre last set of resu;,lts -as savel.
'(,T Ar Is t- t I q i if t-eran:e iber. een reselt otjtoijt., hefce 1rb.PS Is

* tne ti-e at -ntcP t,#- ntxt set of results is to t- save'l.

- If the tthe oft ext result save is less tnanior e*:uci to) tn-e tire that
tne next ttrl.-n "t-:urs. tnen resilts for th~e sipulation at ti-e ViRFS'I are snved as the current value In the PThX[ST array, since only f~ring

- ituations can effort PTEXT1 valtles.

~(T:R--S S~T. TAIN) GO TO' 9C0

e Save sniulation resilts after T'ReS jolits of tlime have Plaosed in the
- sim~ulation.

0073)I 1 1 JTA;PS
R SJLTSUl, IL'4tS) P TEXIST(T)
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7 JO0 C('j rI -Ide

Incre',ent the lndex into the results Array to ooint to the location to
C store resJlts for next time increment.

-" Incre"nt tne time 4t whlch the next set of Simulation results should
*" be ontSaierc.

Ti4Q :S = RF
.1 ro 6 )a

I f1 'he ti'.e of the next ftrini is ore~ter tnan the Taxirum time desired

for the si'iuition, oranch to outout results and end.

go() IF (T4iT j .';r. T'A(] G0 TO 3200

if the tite of tne r-xt status chanae is less than or eiual to the time
dt !'iC, t', "ext rlaver fires, DOrfor, tL e status cnanoe before
allj.tni t'e ctIAyor to fIro.

"Z (T"I'J .Lr. ST4I.) '40) T1 gOn

S" 4etntein seed val ;es so tnat varvi~n, the nuTbur of status chanoes, etc.
c A gS not offect tne selection of raeli ).m3ers u-el ov the rain

I '--C, IS = I SE-
I S- ?S S . 72

- Perfor, statt c-r,)-'!.

If An error occured durino the st~tJS Cnanqe, oranc and end execution.

-eestADIlsn O'ssiclV ,olifled seed values.

Selfct tne Irdex of the next oldyer to fire. Initially assume that
* t' ere is A sln'le rlsver .-,o has a onioue ,4nin.J, resoonse tile. If

there is A uni,je claver ','fth minimum resoonse tise, the Index of this
* claver -oul 4 no thi first eleCnt in the )FITX array.

9A t ''.,.- .u=-TI:X ( I )

- If only one firer is selected, nranch. Tht firer's index is stored In

IF ('14 I'E .F;j, 1) ( T" 1 4 f 0
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C It there exists rare than one player w~ith e,3ually .Inirnum tiring tithe.
tten a selection 1,ist vt a~e as to which of these players Is to fire.

C r-e Ttholo'y to select ohich of these olayers Is to fire is based on
- t'he orimiss tmt each Player nas an equal c'iance of tiring first. A
- uniforn ranlon nulJ;er on tthe real Interval (0,1) is selectel. This nu,"-

oer is th~e trsfre'4 to tne reat interval (O,'J4IPNV2), where N"1IJE is
- tne namvLer of players nsvinj e-,ualLy miiniTum tiring times, by multi-
- clyin" tne It(A,I) ran-Il varialble rbv Vstr.SQ. The I(0,NdATNEQ) random
- v~riamie is tt'en transtor,'ed to the interval (,v..~i)oy adding

I to tie U( 0, :.'J value. N.ext* th-e U~, l~e)random varlatie
via-ie i,. trurcatel ontaininn the inlex into t~le N!FtDX array of the

* next olaver to fire. Tne truncatinn is performted automhatically by
- asslunin- the real value 'Netieen (1,Nq4;J+.) to an Intener variable,

in, this case ':'XTF.

CALt. RAjr)! (ISPFDl, ISEO2, Ui)

COntAtn inliex to noext firer, op XTF, xnIch is an inteier numnler betoeen

.jnr~in tn-lex o 1laver to fire in -'FIld:R. NUATAR('iFIRRR) is tne actual
- firer no-er.

C save the 3r.)ta,)IItv of existAnci array tenorarilyV so tnat collateral
- .4qiae T'iy -e assesse! corectlv.

I~ ~ ) 1-o - = 1, %TIPS

%)tiin E'i oroDoi~lity(store-d in PF~lQX) tnAt tne firer which has been
s -I -c t ei to tire, is still Arour,1 to tire(ie - PFIREX is the probabil-

CIt. tnAt tne firer -9es not heen ktiLei Previouslv).

* k'\:C is tnoa citative crtabilitv thAt the firer has selected naic
onint to fire at.

VA.L tC = n. 0

C JJ is An in~dex 11to tne NATYPQY array soecifinz a PArticular aim, point
tron tne orloritizel list of aim voints the firer NT'IRER may aiw at.

JJ = I

iUtp aim -ont nu'.-r is stored in ,AIIPT. This is -ised to Index Into
tV.e :C-iITGA(;uroer of Taroets HIT Given Aim point.) and1 tne PTAPHIT(
Provanility TARret Is HIT) arrays.

is90 ';lT = IPqPY( F19'o JJ)
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SNAI:PT=O ln4 icates sli ati: ooints that firer uJrIRER has selected to fire
at have heen evaluat-d. The french is taken, comoletino the perform

S firina event code section'.

IF (NAI'lor EQ. 0) GO T3 3000

P is the Probaoilltv that firer NFIRER has not fired at an air. point
S investieated oreviojslv.

P a 1.0-P WiC

- P=O. indicates that the firer, qiven ne is still iltve to fire, has
C alroaly selected ait ooorts to fire at aith probability equal to 1.
- Thus, he will not tire at other oOSsible aim points, and hence, the
* branch Is taltn endLnq the 'oereor- f1rin7 process'.

IF (P .F5. n.O) GO TO 3000

Nr'(AFT in the nu,-her of te cri-arv taroet associated with the aim

C noirt noose innex Is qivan by NAl''PT.

N:1APGT = -T4ITGA(f'Ar'PT, 1)

C Tnr methodoloiV usei to determine the Drooanility ttat the firer tires
- at a narticular ai:, point is outlined In the follo.in text.

* iPe taruet array Is searciel to find the Index of NTARGET. The Index
to i.C Is store.' In IT4.,G7T .hen foun). If not found, an error has
occlre'i in lerinir-i troor statts cnanoe In input and an error ressace

Cis issued.

C The folovinq statenents are lsed to determine the Probability that a
oarticular air point is cnosen.

S r: T 1.) ie orohabilitV that the DrJmary tariet, associated hith the
the aiT point tne firer is firina at, exists(stored in PAtk),
or

S'tr 2) tne *rnbaoilitv tnot the firer has not fire! at an aim point
crevlouslv(stired In P).

Each time a olayer is selecte l to fire, ne will either select
- one air. ooint to fire At or choose not to fire at any aim point be-
- cause of nien prot atility that each primary tarcet has been destroyed
- oreviouslY. This concept may te exoressed in terms of Probability as

follows:

RULE 1) Thp probaoility that the firer either fires at one of the aim
points in his prioritized aim Point List or chooses not to fire
muist sum to I.

formally, the Probability that the firer fires at a particular aim
Point on his prioritized list of aim ooints is the probability that the

C ortary taroet associAted *ith that aim point still exists(RULE 1).
* FArly in the si'qulation however, the prohabtilty that each of the ort-
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xmary tar;ets(associited witi the prioritized list of aim points that the
firer Is Interestel in) still exists is aulte high.

Since the prohahility that he tires at each aim point is pro-
* nortionat to toe lrn'iiltty tnat it's Primary taroet exists(STvT 1),

A vro'dttlitv that h:e selects one of the ain points in his prioritized
list In cmili exceas 1. Ints violates the condition soecified in &ULE
1. 4p-Cs, Sr!T 2 Is necessary to avoid toe situation where the Drob-
a-iitty 4ould excep,! 1 for the firer selectina aim Points in his pri-

* orirted list to fire at.
Te folloinq example illustrates In better detail how STmTs I

- and 2 are *jse In tr!e st.ularlon. SiPoose a ftrer has the choice of
* firini at one of these Possible prioritized aim coints(Al, A2 or A3)

or not to fire at ai. lecause the primary targets associated with each
* ef rhese ain roints nay have been destroved Previously. The following

tatie gives the Protanility t"at the Primary taraets TI, T2 and T3(associated withn itr notnts At, A2 and A3 resoectively) have not teen
previousty destroyeno

TI T2 T 3
3T

In tnts exa-,ole o xtill .ssime that the ftirer's strateqy is to
first fire at air tmint At atteorotiol to destroy target TI, and after

- rf Is destroved, ie will fire at di'n point A2 attemoting to destroy
- tnr-,et 72, en so on. Toe -rooanility tnat the firer chooses to fire

at Al is liven by tho :llnin'J, between PAI'(comoutel by STMT 1) and P(
- c,oite. nv STvT 2). PAI as co-outel by STIT I for toe primary aim
* "nit of Interest, .d, iolil be:

. .here .i is t'jp orooabilitv that the Primary taroet
(TI) asnociteA .iti Alm ooint 41 still exists.
Pnus. Fll:.5 for ai' Point Al.

:, vricn is te cronamiljtv that the firer has not fired at a
orevtnus ai- noint is initially 1, since this is
toe first ati Point that Tay Oe chosen.

rnus, the pronahilitv tnat toe firer chooses aim point At to
Z fire at is ilven by the ,nim u" of PAIO(.5) or P(l.). This
* orot-agilicy, .nich is stored in the variable PFIRtAP, is .5 for

SaiT Point At. 1his leaves toe firer vlth a maxirtim probability
Se!jal to .5 .f -ein- dcle to fire at ail Point A2.

Ti .e PAII value for tirinq -t ain point A2 is the probability
tiat tnh uririry tiroet associated with aim point A2 still exists(PAI

- =.3 fro,. tanle). 0 is tne crooacilitY tidat he did not fire at AI(P:.5).
Therefore tne cro. i.1tity that aim point A2 is selected to be fired at

* Is ljivei ov OTAP.3.
fie OAI- vaLue for firin at ai" ooint A3 is 1., obtained from

tne rta,)n. P is t-e nrohehility that im ooint Al was not chosen and
- aim oint A? *as 'ot cnosen, wic Is expressed by:

Pzl-[.S(ProbabilitV At selected) + .3(orobability A2 selected)i=.2

SPrIREAP Is liven as toe n jiniim etween PAI:I. or P:.2. Thus,
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tne orobioILitv that at', ooint A3 is selected to be fired at is

S4otice tnit If we add the oronahIlItles th.at the firer fires at
either Al. A2 or a3 ge cer I.(ie - .5 .3*.2). Thiis,however would not he
tne cise It tie oronintlitv that Primary target T3 existed was less

* cian .2. rhen there vo:jId oe a orooaoilitv that neither aim Point Al,
- %? or A3 4o

0
li te Selpcted(ie - tne ftrer wo'ild not fire, since the

ori'iary taroets associate! with aim Points of interest to him would
C have oeen lestroVyd oreviouslv. r- follolro data summarizes the orob-

artlitY that each of the ali Points Al, A2 or Al were selected:

Al A2 A3
.5 .3 .2

this ends tne aim point selection descriotion section.

t0a 170U wit aimG - oint 4AR

' i (,iWATN-(1TAi;ET) . ItRGET GO TO 1800
1700 C",- I" ,UE

g r3 411

S .tte onilttatote nrimaty taroet ;vssociated vith aim Pooint
.,.jiar still -x tss an-' store into PAT-.

:,etwr'ine .netner to use PAIA or P as toe Orobaoilitv NAI'PT Is Select-

t! to oe fire-l at.

IF (PUI4 G F. P) C. r0 g3o

set the orona'illitv of ftrir' at this aim ooint to the prohaollity that
t'. orti ry tariet Assoc.ated with this aim point has not been destroy-

- t'.cre-ent tne cunuiatlve orooaoiLity that the firer has selected an aim
- ~ -int nrivioisly nv adinq In the nroiahility that this aim point was
- s i~ctel,

Tie oronacility tnir the firer fires at tnis aim ooiflt, PFIREAP, is theC re~aintni orooaoillty th~at he has not selected a aim ooint previously.

In tis sitatlon, the firer has definitely selected an aim point from
* those evaluated Previously, hence PAI4C Is set to 1.

PI AC 2 1.0
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Cne next section "olifies the orobaility of existence array, PTEXIST,
- aoorooriAtely for all tArcets oossIhiv effected by NFIkER firinq at aim

ooint 'I4PT.

At tnis ooint a firer, NFIRPO, nas oeen selected to fire, an
* al'- ooint has been enosen, ATVOT, e n the orobability that this aim
* ooint is firel at has been letermined and is stored in PFIPEAP. The

C effect of tris event on the tiriet existance orobability for all tar-
- gets 40ich cay be d~Aaqed wll now be determined.

XK is usel to index a carticular tArlot which may be hit by
firing at aim point NAIPC. KK is initially set to 1, soecitying the
tirst tir;et(tne nritary taraet) associated witn aim point NAIMPT. The
actual tsrqet nouser corresoondinq to aili ooint NkIJPT and index (K is

- iven by "T'ITG(A(h'iA[PT,KK) Cnd stored in NTkRGET. The orobability that
t.e tir7t scectftpA oV KK is nit wien 'IFIRER ftres at Plm Point NAIMPT
is obtained froi the PTARHIr array and stored in PTH.

rvie Drooarility that t1lS tariet still exists after IFIRER
= fires a snot At atT Point Pt"PT is comouted by multiclyino:

1) the r-roogoilltV tn't the tarnet has not heen destroyed ore-
vitouslv, frol tno D

, 
X[Sr array. (This is also the orobabil-

Ity tnat t;-is te.ret exists %efore this shot is fired. For
si-olicitv toe ohrase "tnts shot fired" will be used to
avoil re'etition of the )nrase NG*IQR fires a shot at aim

= nint "A''I".) A

2) the or- nnllitv tnat the tariet still exists after this shot
: !s flro .

*Tnis is tne runaoillitv that trie target yas riot hit previously
a,- contt.i.es to ri.ain on-landied after this shot Is fired.

- Tie oro-a-ility that te target still exists after this shot

StI.-tne orobaollitv that the target is hit oy this shot.

Tne oro4t~iltv thAt the target is hit by this Shot is expres-

I) tnp or , Aility tnat the firer still exists to fire the shot
(ie - "- has not oeen Killed orevioUsly), stored in PFIREX. X

7) tre nr'4tllitv tat, -iven the firer still exists(ie - can
tire), !- selets i:i Point AvIOT to fire at. stored in

: PFCIP AO. K

3) the orcaoility tnat, given the firer still exists and he
Sfires at Aim point NAtOPT, me can hit the target, stored In

Collateral la~aqe is assessed by lecreasino the Prohahility
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- tnar collaterally i4anaqed terqets exist by the probabilty this taroet
Z *as nit.

Initialize NK to Point to the first tar'jet which iway be hit by
iirini at t~his AlT o rint

21-10 Kti I

Tne orotiatllity that firer ;FTP!FR aims at the JJth aim point in his set
C of oossible aim ooi-its arnA )Its tne KKth target vnich may be hit by
- firini at this ai noint is stored1 In PTH.

2100 Pr4 a PTA l1T(MF1?E-R, JJ. KIK)

If the nrooabiLitv of tsr'4et oit is zero then branch to avoid modifica-
* tion to OTTXIST array, since the orotabiLity of target existance will
- not oe eftected.

IF P," F'). 0.0) Gil Tn 2900

C LO.'taifi tie nw~tber of tne K'~th tarenet vnich may oe hit by firing at the
- aini olint.

*.TAR-T a.-THTTGA(iAiAPr, 4K)

If tnis taraet nu'ner Is zero. nll taraets which ray be nit by firino
at the ait' coint '.-frlPF mive neen ex3"ir'el. 3ra3nch Is taken to modify

- o?-oha' ility of tar-3et existance sooil-I the next aim point be selected.

TF (IrARI~r F*Q. ;)) G-1 rr 290')

Tne orooarility tmat tarapt I:T!\RC~r is not destroyel by 4FIRER firmao
a sinile snot at ain Point 'jAIvpr In comouted and stored in PTAR0ES.

PTARDD.S = .0-PTN#PF1;EX*PF1R-AP

Deterline tPhe tn.1x of tne next taroet !NTkRC 'T in the NU'TAR array.

00 22)0 ITARGFT =, 1. TARS
IF (N 'TAR(JTAR(-,--) F-5 ITARGFT) GO To 2300

22,)G0 1c.r T -
i'.PP 0, ' rlP';T ', v]A~r.FT, 'COUI,0 'OT 4E. FOU:.0(l).'

C ~ 'Is usel to Ietermine tne next tar~jet .-iji otill suffer collateral
JimAge should tiaet 'TRGFT*be hit. 'A is set to I Initially to select
the first collaterally laa~.el tarn7et associatetbd alth destruction of

2300 '44*

notain the nui~her of the collaterally dalagei tariet in NCOLTAR.

2400 'ICO(,AR a NrCULAT(JrARGET, -X)

Tf *fC')LTNR eolials zern, all c-ollateral I'aaoe taroets associated with
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oistr-ictlon of tar ;!t MTAPW T have oeen processd , and 'cranch to miodify

n rohaillity of existance nf "IPRE value, PrFAtsr(TTARGET).

IF (,-iCQLrb. FQ0. I) GO TO 270)

- ~ -~iotrie in-lex of ',COLTAk In the ;JUU1TAR array.

On 2500 tCOrTAR = , ,r
Ir (N.,rA.Q(ICF-rT/r) F.'~ I.COLTAR) GO TO 2600

2500 C-1hrI'JUE
TYPP *, -TARrFT -, 'C'JATA', - C iJLn -jur sF FrouJJO2.-
G! To 4100

odify the Probability tit. tne ColLaterally lapagel tarqet NCOLTAR
itxisti 6iy .Tultplyin~i it's nronviois oxistance Probability by the Drob-
aility t~it tar~iet 1'ANGxj is not hit f)Y this Shot. ColtrLdamao

C Is issessel to tar,et NCC TAR assxminn tnat if tarqe't ATrARGET is hit,
C,! L. r N R s siffer emvial janile. T~je kilaloto-el loes not oresently

"1(7LrARif trjetrt,-GxT s )I. e haoiljtv that taraet NJCOLTAR
- is laaiel It .1'A<- T Is nit Is 1.

2S00 P, :xjir(TC)LT.AR)= 17STTrLk)TR!

-Is inore-ertpd tn Z'oirt to the mext collaterally damaced tart'et.

I ~ f s-ss tna tt r-x-..- nu rer ot taraoets .,,ic, can be collater-
aui1, iAaael -'v nttPio t~r-,t I-4?^ T orArn iVi Process next collat-
Prliv 14'adeJ target, oterAlse tno nr')3ibility of existance has been
-11tfte for ell coll-jt~rally ~-!ioAl t~rgets.

- oliif tie nrnc~JItv of exista'ice for tar-,et !1trGrr to reflect tne

- cnAnVisIn P',utstarnce arol,1iliv Jut ta' firtnqc this snot.

27^;(! oI-,Xsr(IA'G,'1) TXscro)*A?

ic re--not K4 to z-nint to the next tpriet 4hiCn 'n~v be nit by ftrIn1 at

1900 KK =-K+I

If K: is qr,!ter thnthe:ax: u~p nuher of tar~et which cnbe r~t by
tirini At A-1van aim Point, All taroets have been noOcessed for this

Ities effected by nittinq the next tar iet associated 4ith this aimy

IF (K'( LE. AT-i[V74) GO T1 2100

Inere-ent JJ to Point to tie next aimi Point available to the firer for
selectiol.
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2910 JJ =JJ4'l

* Tf JJ is less tnan or e,7ual to tme maxim'im number of aim points permit-
tel tor a aiven tirer. hrancn and orocess next at"' point. otherwise ail

- Ai~m Do±ts Chat th~is firer 1'av snoot at nave been orocessed.

IF (JJ .C.LP. 4 AI 4POY ) GO FO 1600

'NT 1s a kev in'1icatir'4 the tyne of weapon used by NFIRER, the player
- ~ i-ist firei tne last rnund.

3000 F -iTYDF.('';irRR)

~VT1(1FiE~)Is tme time at 'Ahicn tnis player os expected to fire
r1is next roun"-. Ine expected time t,) .tim and1 fire tne next shot stored
itn -eacon firinc rate irrayUoPATE), Is qdded to the present value

Tr~o nii"er m'f rojizs firel 1)y NFItER is Incremented.

S ft *:'FTRF- Phas run oat of Ai'-unition, a oess,?,?e Is printed and the tim'e
at qntc' lie firis 'Is npxt shot and tne firer's next shot event tim~e
Is iset ireatpr t') in t'ne total sin'ulatIon tine to Insure that he will
norvt tirp aaatn(wLIess me :Iclulres r~ore i-ui'tion at a later date in

t1(!'(;~ ~ . r GC1 TO 200
31 "0 F' IPAT (' FIP'*q: , [3, ' Ra Vf F A4IfJqJITlI0 AFTFR F1 ~0.2,

- r-e st-Jlition Is conolete t'It :Droz'ar'ility ot existanca results stored
- ~ rAll. t~riats t anT1A ie nera int RESULTS atray.

- )ecre'ent tLRFS ti t'ne exact nu-oer of tine interval "snap shots" saved
- in' toe -:'T5arr-iv.

3230 11,Q75 z

W ill tnO, 4TTF Arrav' witm tie tire at which each "Snap shot" of taroet
- eicistaonce oro',a',Ilties -4s tacen.

;=r1E1 z START

V33)0 t z 2, I.YPES
RTI'IE(1M t-IttLA

Jr 2*4TIT1,ET,42
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Fra-%e tie title ait.- '*s. oJutput first roe of *Is.

4PiITs' (3, 3400) ('*., I1 to 3?)
3400 F,.!W1AT (1X, <J-,>AI)

OuDtnut si'~ulatiron title wtl 'C's before and after each line.

DO~ 3610 1 = 1, NTjrLi.s

3500 rOR44T (IX, '*,. <'.TlTLELt>A2, *'

36,)0 C!NT1 4UE

9:nd i'nutation title with~ roo of '*Is.

4w1TE (3, 3400) ('*', T = 1, 311
j-,zrE (3, 379,)

3710 Fr-iR-AF

liitt. toec ojt~jt e~iitna -Jen contains time at wnlch probability of

bcoi toc relnts e sroavedi In encrstance resft )ForA alle units

4'Ii 401D 1 = 1, P'TARS

Print Drooan.ility of existance results for tie next target, all time

S(3, 3q('-,)) 1, (TTARoES(. J), 3J 1 5). (RESULTSCI, J), J z

390 F1Q*1%T (IX, 13, 542, F5.3, <1W S-M>IX. V5.3))

'i 'l !I f: -irte nr' -- 11Itty of extstance:values Into expeced

sifv' -rtitn tarzpts Into cr0 ics t,-r inalvsjs oy tne C0vDPR0 subrou-
tine. A .'str fnr ixa-,:-e mjiy wisn to jroun All etqticker Personnel tar-
-,ec% inti one ',ro-io enabtimo observitlan of tie exqpcted nu,"ber of at-

CLL, CO C0Oq~l

- Close imn-ic data file.

4110 C(ri)SF U(4i1T = I)

Close data tase file containin oron aillttes of hit.

Ct.1SE CJiIT 2)

Close cutout r'ste file containing expected target existence probabil-
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CLOSE (UYJ1T 33)

IClose tzraet date !Dase fil.

'S CLSE CU41T 4)

C ClOSe &i11 0oint Cat& base file.

CLOSE ('P'[T 7)

F D)

119



C ?C-P -- A 7IAX/VS FOTRANJ subroutine which calculates
conjittional Dronoiiities, written for JAYCIR by Joe Hump~hrey,

* ~mdr 1983.

* ITSPOUP contains a ru-nner of qrouos of tar~ets, each of
'wnich has a orotvaoilitv of ceina destroyed (In RESULTS). for

4. eacn irojo, tle conjitional DronaOilitv that I tarqets are
destroyed, as I coeg from, 0 to the num1ber of tarqets In the

- orouio, are calculited a',e4 -written to unit 3. rhis is done
for several times of interest (tSTNiRT, TSrARr+DELTAT,

* T5TARr*$FLTAr. * TSTAR?+(tLR 2S-1)*OEiTAT).

oef ine constants and variables.

PARA'OvT:R~ OUT = 3 1Unit nui'oer of outout file

CiCT7 *2 IfAwDFS(%'.APOS, 5) ! Ilar-3et descriotors

Etr :* -1RST !Pointer t, last destroyed taroet,
1after trailinj destr'ye1 tar,3ets

'ale open restored CE. G. If KILLED
=FFTCPFTTT, FIRST = 1)

TT' , I'.D I niex ti taropt In I tCRUP
tI~t~ ~~LTP rniex t3 jrouo In IrGkQJP
rr~~~tld~rAGs)Conversion fronm GIND to rIso

1% r-:^41: I [,R ES ji H1.-er of tine increments
I' V7G'R I r" O'P( 'rAI GS 'RC.'OS fl Cr~et rnu'-ers of taroets In arouos
IJI, ' !7' IS Pointer to last lestrived target
I1 ': '-' f'E-T4 v'1"ber of trailinq Jestroyed taroets

I(F. G. It KItLLED = FFItiFTrT,
- L~I~r4= 3)

14-' r '.EST I ouner of tiriets to be destroyed
t' r- ~ I u- )r of tar*7ets in arouo

J : f R Aq(Y1aRGS) IConvers ion tron, IrI*J to tarcet
!numrer

tT-7 T 1,. C i jnner of tine increments Passed
I * * Tr* t I n'Iex to tarqet In target array

I- CSULrS, rARNU'4, etc.)
V't: GR vCRD IPointer to qord of irAROES'I L1C%. K.ILL.ECTAR'GS) I TR(IE. if tne corresoonding target

In LT'G'2JO is destroyed; *FALSE.
- 1- otherwise

REAL, *OEbAr SLenotl of time Increment (seconds)
REAL, OW9 1 PrO~abillty of An event (A

Pa orticular confiiuration of KILLED)
R~kL EXP4b0ES0MT4I12TS)
RI:AL .PR9qc-rvrNTS) Prooat'illty of a aoue of events CE.

- 1- 0.that 1 taroet IS destroyed In
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- ~- irGRaup)
P'.At qESULTS(.-TARGS, 'AT%11 TS) Probailities t.'at a target Will be

1around after so 'tanv time Increm~ents
RVA rsrAr 1 Startinq tim~e

1 TSTART, /UVII -/ '"p /1,47/ ILRES

Fin-i number of targets in croup, converting GIAfls to TINDs.
Retu~rn if 0 tarqets In orouo.

-3 2600 IMUP =1, * GRUJPS
D'I 100 TJJ 1 1.r I LrA 5

FxP"oFS(TfNC) = 0.0

TFy('R*, TarcIet. GROUP) LE.N0) GOUP) TO 5 n0.1UPnt

I 'founl.'
CALL EXIT

30 TAR(IS
50 C.IFA.TT *;iu

IP, C':IA S ... 4 'TJ 2700

* -rite title, tirast nu", ers an.1 descriptors, ani times of
interest.

IF(I U PITA?.~sGt~(,. 1) WRITE Ujr 60n))GPO

7 0 FOR 4AT (///4, 'C,, .11*Ic0.-V PR0AA.31LIFTFS FOR '7ROP 1', 11,
I ', CC0SlSPI'VG 3F PRGTTS:*/, CX, 9(13 , X, 5142)))

AI (0:-I, M7) tTAPT;r t AiT 4iCij,)C1T T, TI'4C = 1, TLRES)

Start oit wit', nc tiriets i 'StroVed. .~ienum',er of taracts
to oe jestrcve 4 . In~itialize QrouD orobabilitY.

900 CINT! .'Jr

DI 2300 ^K"5T1 = 0, %TAq',S

00 20n0 Tl',C = 1, ILRES
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Fin,!~ evont orojai1lity. Sue Into 'grolip prooatility.

10'DO 1.0
[16 1I'r0 GINO z 1, 1.TA.PGS

Eft =EDR3*RSULTS(GTl';'(G'.), IJ4C)

Find 1 lest toiriet -estroyed. If not at en-i of list.
r-store t!at tarqeat andI destroy the next one.

D'" 12nC. C'ASr I!TPGS, I.-
IF (G1L0(~~t) TO 1300

l2in CIT. Aj

t 3nilIF (1,457- Lr.. '1A4Gr-)

Last tar',et lestr~vel -- fir-I nauiber of tariets

.1estr~y, i at #*nd .*t list. Restre those tarcoets.

03 14j'GO TO 15,01

1400) cj:: [li-

Fi-!1st df-Strovel tariet tyn revised list. If no~ne
are cestrmvel, ti-r all events for tnat n'i'vter of
istrn'v-d ttr-iets nsve "cen taunji- find it for next

:;0t ri an

K1LLEODrI.D) = TrpUE.

ru 2 NO,

iestr-y-l tar*,et foond -- restore it. destroy next
Lt'i~I tl taripts, and find !vent orobat-illty.

rL- 1930 Cl.\r' G'IcTtl: F IPST.,Ij-tH.1
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KILED(IND) 2 TRUE.
1911U C.-j T VUE

Go TO 110n
200A Cr)NTrwiE

Sroup ornzaciities fir all times of interest nave been
foune (for :!?)FST -estroyed tarjets). Write tne-p and find

- ,irojo orotanillries for 'JO'ST.1 destroyed targets.

IF (Le-GT4 .1,T. NJTARGS) 1LLE(LEC'JTi4*1) 2 *TRUE.
gRtr. (Qjur, 2101) ''ST, (GPROS(T!INC), TL4C a 1, ILRES)

210'0 FORYAr (x, 13. X. (IL.RES>(X, F5.3))
IF (,,!rES qT.* C) T F:

00 2200 TI'JC a 1, TLRES
EXPNDES(TI!Jr) a CTXPNDES(TY1C)+GPRO6(TTNC)*NDEST

2200 CNI '

2310 Cmju

24)0 F-,kT (11X, * WECTr, vUP. 3F rAPR3ES DESTROYED AFrER',
I *rI4E ELAPSED:')

.s;IrZ (1:,jr, s~nfl) rTST ,9rt L ITTrv-)DF~ TINC z l, ILPES)

2660 CO.TI Ua.

All orovibiLItips f,)uni return.42700 k i*r ij,
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5 ".P: !Tt j- f-FTPT4

-RoE- oetarrine t,,e croo-aoilit4 toat firer I-F fires at alt' point
'Manct nits ta rzet .r. Tne vrocantlity of Nit is returned In

PTL4. Tie routi- Is hnasei on a "onte-Cirlo sanmplinq techninue
C ~wnicN fires 4 o--er of snotS at a tAriet, cointinq the num-

ter ot hits onircn occured. Tne nu,er of Nits IS divided by
tne nurcer of t'1as *nl A oronanllitv of Nit Is obtained.
Ai,--in3 errnr is leftned in teri's of a ralius(eontained in
arr.;Y b.: qit-)in, .Itcr 1/2 of all shots are exnected to

- lan!!. ri- ralis in xnIcn 1/2 of tie shiots land defines a
* ~~aleii', listrin-ition ..tn mean ecagal to the radius, r. In

orlel to 4enerate renlot' snotS fr'n' the Ralei distribution,
tlf (--l first lre~s rann-l ntn'oers trot' a uniform distri-
n' tiofl, tie-n c,,v-rs tiese to -ori',J. rinot variables. The
nor *al r-ann varia-les 3re tnen ised sis acsolute X and Y

)ftiets fro- tne intenleCi AIM DOint for a oirticular shot.
Tie miss 1istane fror. tne ain roint Is exoressel as:

* In crier to aene!rite nor,.at ranlon vqriibles for the X and Y
','tsets, t'~a ncr-el distrirution from wnicn these variables
ere dra.n -'ust ir')-Idte ri'.1dnr vartal,1es X and Y whicti
sarisfy r-.. ass'-ntlon tn'at 1/2 the tityo tne listance. qiven
nv 5CAY ).Is < or = r. Tmi arean for each X and Y ren-
-o- vane;-ie Is zern, since it is lost as likly to ve off
"tqV. as it is to-:. It can re s,.o~n roat'neitica lly that the
vertanl1es X and Y dra-r1 trot' a (,r.~3)(a normtal 'A1st-

Itriz-utiin difn men,, viin~ezr*.,J4')3) will Satisfy SGRT(
- *X+Y* ) < "ir =r 5,11 of tie ti ne, -qhire ris tne distarce

fro- ti- e-.0 c'oin't in nicn 5A% ot mil snots fired are exr'ec-
ted to 11^J.

Toe ~o!loresentiy acc~ants t-ir-ets Ionly rectaniular In

any tato-t s'~acs! Tev hie used, orovt-led the code is written to
4pterilr4 A;':t1r t'1e sots rtred lie qtthin the tarqet area
or oitsiie t'~e t-eroet area.
T'mis rroitire also evaluaetes situations -nere random aim areas
ire use', tnsteal of fix~ed aim ooints. 'nan rAndom aim areas
are us1, snots are fir-' at al1i coints selected uonIformly
fro" -a rtctan1i-iar reoion 4nose coordinates are defined by
tl * analysist. Eacn time a new Shot is to b~e fired, a new ai't
nnint for the shot is splectel at rAndom from within the

Tne nJ'oer of shots fired In 'etermninq the orabability of
nit raiy ne %odlfied t'v cnanoing t~e value of 4SHOTS In the

-Incluim filo! I?'C

ICLUDE 'Wd.I'.C'
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C 'fa; /T14/ TUA!T.PeA( k1 -7 Ts)

C:,'15 A 1i 5/ -C A 'T TS 4)
/1., 'rt,21/ [SFF )Ir TSF."ED?

C '_, 4 I /1 2 9 / '1
C , n'! / 13 / :/.A
-- 01 / 31/ 'T
C '0 1 /L.32/ L)1rA
C O /639/ TX F JR
C7'. U 4141/ IfnXAIA

/'''s ' L45/ T Dx r R

CIA.?ACTF. *2 JT s 'S, IAI'FS

' r is usei to accuulate tne nugoer of nits on taroet NT as the shots
S~are firei.

310 . ir = u

ne spei valuas are save! on Iniut an,! rostored on conoletion so that
i'~-~jjn~ t 'u'iLtrs nf sn'cts fjrel *111 not soffect the sequence of

r io 1 n ',i rrs ieer-tiei in ot!'r sections )t tr.e code.

I< < t E S E', I

I 2 - 2

- <- aT is 1a350 to *ccu-ulate tre total nuJtier of sots fired.

S-IS set to 4 KOv identifvtrn tie firer's 'eaoon tyoe.
Z=

-'O i.s tr,e .eror 'ill raOlus. Tnis Is a lethal radius in ahich the
- etfects of the ,,e-ipon tired will lestroy the tariet.

: i.
- C-:P Is t'e ra-ius, co-,verte-i to anoly to a circilir normal distribu-

tIon, it- - ntcm one-halt of all shots firel are expected to lard.% 3
Xi,FC - X cocrr,Inate of t.oqer left Firer Corner. X coordinate of lower

left corner aefininq fixed position of firer. This value isuseJ As rne X coorlinate of the lo*er left corner of a random
Z -Area in -. Icn the firer lay te located1, if a random area for the
* firer's ocsition is soecifiel(sOecifIed -v FRkHGT>0.).

XrFC = T&RCp4R(LDXFIR. 3)

YLFC - Ycoorinate of Loer left Ftrer Corner. Y coordinate of lower

left cnrr lefininj fixel cosition of firer. This value is
* ,tsed as the Y cnordinate of the lover left corner of a random
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earP In .rnicn the firer Dav be located, If a random area for the
firer's nosition is spOclfled(specitled by FRAGT>O.).

=GN 4C-Aj(T)vF1R~, 4)

FOGT - Firer Rart:-on Area 'elant. A random area Is a rectangular area
in %n tle firer mAY be locatel. The Position of the firer
is assurpl eiuallv 110ly any where within the random area.

FRAIIGT TARCHAR(IOXFTR, 5)

FRA iI:) - Firer Random AreA width. midth of a rectangular area In b plch
*1 fiter is Located.

- Deter'ine vtietner a ran4on or fixed firer area was soecified. Tne
iranci is taen If a ranIn' area is eesired.

iY (F'~a±' . r. 0.0) *ol TO 500

s-t t.ie firer Aidtv in1 iejint for i fixed firer oosition.

F Ior 2 TA4-tARi)( 2)

* ,Coute tne center 7,f tne firer's area -ith resoect to widtn(Fw02 -

I :~ir ,ir'r 2tt tlt )

cy 2)

Co..*ito tne center of tne firer's 3rea ,ith resoect to heiint(F402 -

J Fir-sr -!,i t :)ivi-ej rv 2).

X - x cCr-ir, re of Firer Center. Aosolite position from oralin of
of firer's (*enter In X 1trection ithin firer's reference
'$Lane. Ii a renanl firer area is specifiel, the center of tte
firer is 3ssu-el to be Cne center of tne random aim area.

I eC''Q - v cnorilrmt- of Firer CenTeR. Ansolute oosition from origin of
fi rer's canter in Y direction witnin firer's reference olane.
To, CoInt (XFCTR,YFCTR) is assumed to be the Point at which all
s'ots ire tired fron In tne firer's reference olane.

07CTR =Y,'AC+F4Di

G1, 'J 601)

use random firer Irea xiltn to deterline expected Polnt from .hlch
snots are fired from. Snots are expected to be fired from the center

C n the riniov area.
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500 -if)T1 FR'IAi.I0

- Use rin-4oi firer area helqht to deter,-ine expected point from wflichi
shots art tired from.

FqIq FRAIICT
':3 TO 409'

RIHT-Pfd A9ontre 4ltT Thradmamoitae isrectan')ulir area in whici tVie firer Is exoected to alm.
Before eAch Shot is firol an al"n ooint is selected from this
area at randomi assuminq all Points within tnis area are as-

- sumed eiu4llv likelv.

RAI-E Panjoq All4 Point siren d1L~tn.

=AtV'C'RAP(, %", 4)

4* X'iC - X conr-iina 'e of random Ajm Point area Loiter left Corner. If a

fixced ainl Doiflt is use!, this Is t',e Y coordinate of the fixed
all Doit In tne tariet reference Dline.

KALC A VCHAP A,~, 1)I

Y(ix coo,,riinate of raniorrAim onint area L~ower left Corner. If a
fix,1alvont s sel t,)I I V~ Ycoordinate oftefixed

- TFIGlir ,v4el,.ht oft rectaniilar taruet area.

T,,.PEG r = TA.PCHA4&ilo 1)

- 1 Iu I - ti'tn of rectanaul~r ta3ret area.

( tii tie ce-ter of reCt i~lar tiroet area *itn resoect to heiaflt(
- I ar-t *.." n ividpi ny 2).

- uotain thie center of. rect3naular taract area in terms of width(TWD2-

-kG raract kA1101- krea hejrnr. The random taroet area is a rec-
tanaolAr 4rei In wniCt the tirlet itself Is Positioned. The

- position cf the tavroet witnin the ranjam area Is selected as-
su"'in3 eacn nosrtl'e Position is eiuallv likely.
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XLrc - X clordinate of the Tcover left Target Corner. Nvormally, XLTC is
is toe X cnordinate nf lo4Pr left Corner defining a fixed target
nositlon. if A random target area is specified, trnis Is the X

C~o~irtC t me lo-er left corner of tne ran~oP taroet area.

XLTC TA'RC-iAP , 1)

Y1.TC -Y cooreitnate of the froier left Tarciet Corner. Normally, YLTC is
thp J coorlinate of lo~er rorner dtfiniflq a fixed tarqet post-
tion. If a random taet area is specItied, this Is the cor
cin~tp c-f tne lo'-er left corner of the rimiom tarqet area.

YLTC 2TAQC-iAR(%r, .1)

- Xr'tIRA -A coordinate for the CerTeR of the Pandom Taraet Area.

TC4RU''.) is the wiltm of the random tariet area.

xCTRPrA Tr!c9kcf, 6)-T.%IOTH

VTPIR'A -Y c ,ordinvtp For the CenTeR4 of tne Randim Taroet Area. The
coin (' CT1q,YCTRQTA) is tne center of tne random target
i'ee reiative to tne orioin in top tarlat reference plane.

YC t"R A = T4 A 1GT- r- . I G r

X'7 - X coor~tnAte Of lar-7et reoneP..

, 2T- r.'7+yfTC

f -T Y cnerdinjate of lirlet CenTe(. The ooint (XTCT9,YTCTR) Is the
ceo'zer of L.~e t~riet area relative to t~ie oriqin In the target

- reference olane.

~te te distance from tt-e firere,)oint 4,nere tie shot is fired) and
t, e tar jet -enter i# t~ie firer is orojecte-i into toe tariet reference

* Co'~oute tle a! soljte iistdrce oet'jeen the firer~ooint snere Shot Is
firedl AnJ tAroet Canter ov ioelu'iing the s'inaration listance between

* reference Pla'es.

r Jit~c fatr LrDi ised to molify the radius in wniv% 1/2

o- all snots are P.,.ected to laml(C, P). Tha iistince factor is comc'ited
DY ta'cirl the ratio ot 5olute distance to tne reference plane separ-
4tivnn distAnce, sf~ice trie CFP valie was deteriiinel usino the plane'

- seoaration listince.
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DirACTI CIr/SFDL

Sl,'A is 'voiif-id iy the -istance factor to generate random~ hit Points
'.icn~ are extecteJ to fall *.-itthin ;t circle vitn increased radius pro-

inrtiinA1 to rte l'vcriase in listance between tie firtr and target nor-
T-ilized by the _I.4ne senaration listancp.

'4 sI'"AF is Qse-! to store tne value of 2*SI'GIA**2 for ootimization
ro'asons, oreventrl t1S TmICilation from" t~e~na re-eviliated several

- tires onen it Is later usee. to fin'l vie nit point for this Shot.

- All-',R *X Alm ooint C'lo~dlnate value relative to tfle target reference

- Y.L' CA Y Ala oi-t C~oR-Iinit- vil~ie relative t,) the tariet reference
nlcr:e orlil',. Ic a fi'e-i aim ooint, KAIMC')R and YAIW"OR are

* It-e c,,or~iiate ve'jas of tne fixel Aim ooint. If a randoT
aim area Is destrei, X%A<34 6n-I YAIICOP will ne redefined

~i~thv dre jsei 1w seloctino a ran-iom aim Point from
t~e ranlio ai-i Area.

Increm~ent tne n-j-"-er cf snots firor to injicate firini next shot.

11^0 I~T = ':SiT +1

* It *e 1ave,10 tie riximon nu.rer of siots necessary, the prob-

* -- 11Itv if I1t can re -let-irninei ani tne orancn Is taken.

T f A fj. I Y - - -31 It is ule 1 , PtI, ;T=U and oranchi is taken, otner-Oise
n-u~ . atn ci coor,!inates fro" rar1om aimt point area.

:1 Or't~in new ai cofnt X Coorlinate fromi ranlom aie area. Select a Point
tintforily fro, tn- 4itn of tne rinion aim ioint area(RA14wIo) and add
tr- 4aslito ositinn of ti~e lover left corner of the random area.

iA'AC'iR zU**.I)i-AAlC

S Outain new Y coordinate from random ain point area.

CILL RAJD'J(St'l,1'O2 U)
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YAI'CIR = U*',I~hr+(ALC

C If a fixed target area 4as soecitied(TRAtGT=0), the Point (XTCTR,YTCTP)
* already identifies the locatinn of the Loser left corner of the fixed
* tariet area rejAtive to tne oriitn in the target reference plane. If a
* rando tarJet area 4as destred, vmljes for XTCTR and YTCTR are reas-

sielned in tne fol~ominq section oefort the next shot Is fired.

1200 IF (TRAHGT *EQ. 0.0) GO O t30
Compute new X coor'inate for lower corner of taraet in random target

area. The X coordinate of tne loser left corner is selected randomly
S fro., a line spa-ent.#"oose lenotni is given vy the width of the random

tariet area Tntns the Aidth of tlie taroet area. This places tate wter
lpzft coordinate rplative to the lower left corner of the random target

area. To oitain the center of the tarqet relative to the lower left
* corner of tne rano target area, one-half the target width is added

(TND2). Finally, to olace the X coordinate of the taroet center rela-
Ctive to the oriotin of tne taraet reference Plane, the lower left corner

of the ranl.3' tarqet area(XLrC) is C.1 ed.

CAL RA'ItU (1StEDI , ISEFD7, U)
XrCrR = *JsX'RRTA+I 132+xLrc
CALL RA')'J (TSFOI, [qFE,12, U)

S T-.e new Y coorilnato for the rar'et center is ootained In a similar
fashion inleoeniAntly. rne onint (XTCTR, YTCTR) now contains the
Position of tne recently olaced taroet area relative to the origin

- in the tar'et reforence niane.

yrcTR :J*YTRRTA''r.O02+YLfC
X TT=S.)T(XiCl -x(Crcfl 2+(:YFCrR-YrCTR)s.2)

No. tnat t,.- new tariet oosttion has )een determinel, the distance
- net,;een tne firer an4 tariet center is conPuted, the distance factor

is 05tained, anl ii;v, r-defined for the nossible change in separ-
* atlon distince fro:. tne orevious target position. This allows a new

sic'ma factor, STGA-,.to 6e use1 in ootaining the coordinates for the
* nert snot.

DIST = ');TtfX (TST**2+1SE0DlS**2)
0?ACtJR = GtST/S PIS
SiG"A = CWP*rr'ACf,'P

~ A~=-2. *SI.A*Sltmk
At this ioint, tne iistribution for snots fired at the target has

C een detervined(by calculating the distribution variance stored in
SI ) the aim Point has neen detertined(storel in XAIMCOR, YAIMCOR),
anJ tne tiriet has heen Positionel(center of taroet In XTCTm, YTCTR).
se "fire the shot" 3v selectIno t-o uniforr ranion variables(Ul and
0,2) from the reil I-terval (O.,l.). ln)se values are then converted
to two nor'.al rxnion variaoles (X and Y) navinq mean=O., variance:

C SIGwA$*2 via the transformation:

X=Tean*$SeT(-?*variance*LOG(UI))*C9S(2*oi*tU2)

130



SYzmean RRT(-2*vartnce*LOG(Ut))*SIN(2*±*U2)

where oi=3.1459

uJnTF - rnls tecnlnaue for nenerating Normal virlates from the uniform
distrioution is descrthel In t'e nook: "Concepts and Methods In
Discrete Event olgitpi Si:nulation", oy Georqe S. Fishman, P. 213.

1300 CALL RANDU (ISEDi, ISEED2, U)
IF (U .GT. 0.9999 U=0.99ti
IF (U .1,T. .,)061) U = ( nOO l

S*) = 3IGvAF*AbO((1)
CAG, DA'DU (I-iEVDI, ISE-02, U)
XSdOT 2 XAIAC!)R+S.RC(Sj)) COS(6.28319*U)

CAU, RAJ0U (ISEEMI, 1SKFD2, U)
It is necessary snen eviluitina the ALOG function that the U(0,1)
value d3es not aooroach zero to closely, as tne function is undefined
at that onint. It Is also necessary that toe U(0,1) value not
aouroch 1. to closelv as tots 4oti11 result eventually In the square
root of a numoer very close to zero.

iF (J .GT. 0.0909) 0 = n.9949
IF (U .,T. 0.A09l) U = n.00l

Sa = SIA'F*ALO(ti)
CkL, A-DU (ISFED1., ISErD2, U)
YSmOT = YAI!COR+S. rT(S)*SI' j(.20319'U)

Tne ooint (XSJOT. ISHnT) is the voint at ahicn the snot hits In the

tarcret reference clana relative to the tarcet orilln. If the X coor-

Cdinate of the snot falls to the left ot tie left side of the tarqet,

C or to the right stoe it the taroet. tPe shvOt Tisses and the branch Is
taken to orevent reqisterini a eirect hit.

IF (XSHOT .bT. XTCTR-'roD2 .1R. XSHOT *Gr. XTCTR+T402) GO TO 1600

Z If th Y coordinate is oelos tne oottom of the target, or above the

C too of tne taro7t, tne snot misses, and toe branch is taken to avoid
C relistering a direct hit.

IF (Y!!r .LT. YTCI-i'!42 .-R. SP.Or *GT. YTCTR+r.4.)2) GO TO 1600

C TIP snot has nit tre tarjet area. The nurber of target hits is incre-
mente1.

1500 1IT Z ',411+l

Plranch to fire next shot.

GO TO 1100

C This shot nas missed the target, however, deoending on its proximity
C to the tar-et, ray inflict enoulh damaqe to the taroet to register a

nit. If the target center is within the letnal radius of the weapon

131

b b



rcund, -i nit is reatstere.i.

1600 Ir (%KRkD EQ. 0.,)) GO TO 1100

r Comoute the Distance From 4iT CenTeR(DF4TCTR).

OD4TCTR = SQRT((XSH0'r-XrCrR)**2 (YSorT-YTCTR).*2)

Z If the Jistance frc. tne nit Point is Witnin the weaoons lethal Kill
- radius, the Drench is taken to register a hit.

IF (DFHTCTR ,bE. 4KRAD) GO TO 1500

The shot nas landed outside the naximum lethal weapon radius, branch

C to fire next snot.

GO TO 1100

- Comoute the probhality of .)it oy dividing the nuiber of hits by the
- n,,er of shots fired.

1700 DT' = F1Ar(i$-IT)/FLOAT(' SPOTS)

Kflotnit the firer 'nu .bpr i:1eittfter, aim Point numi-er/idantifier, tar-

oat nvinner/identifier and cronahl1ity of nit. Should unexolained
results ze foond .nen examining the simulstion outout, it is often
useful to vie* tnro roblbtlittes of nit to locate Possible errors in
itnD, t dit-. For a larg;e siumultion there MAY be A considerable number
ot orooahilities vrinted. Snoull this statement qenerate too much
outctU, the user -Av choose to 'Ke tnis statement a co.Tment(by
olacina a "C' in colun 1) githout affectino the simulation results.

*RITF (3, lO3 ) NF, (TiA-tDF5(TeXFIR, I), I 1 , 5), NUMATMP(NAM),
I (IAt FI'

!
-I

,  
II . I = 1, 5), U TAR(NT), (ITARFS( F , I), I

2 1, 5), P11
I9r,0 FD.4"14 (3(3X, 13, 1X, 5Ak), 5X. F10.7)

R, F Ij
*' U
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PQSF- flie 'Tain Durnose of the GtIsPUT su:,routirse is to aet all
necassary inat nseeied to aertorn the SAS simulation.
This Includes all Inout In tne Inoot lata file, the aimp. ooirst dati file and tno taraet leta file. An attempt Is
Aaaae to read each of these files. It all information has
not bseen storod in tinese files oreviovsly, it will be

ootair'ed Interactively. £his routine also allows inter-
active )o-iificatlon of dati contained withnin these tiles.
Tnls ver-tts t! e tiser to set up the data to Perform analysis
of a b.aseline sitiaation, t.-en molify certain elements of the
-iota to 1iflne an imo;rovaent optionD for example, easily due
to the Interactive -'et'iol of l1ata entry and retrival.

Trse jvpor routine Is also used to initialize the aim point,
tarevit ;ri nronAoilitV of Iiit 13a base tiles and to rnaiie
s'ire corr-ct orotailites of ntt nave rneen obtained for all

tiriets Ip' their initial positions.

C'7 0 4 /L4'/ P'FX qT £fA9G

i' j 140 1 /f,7/ t* I L- (-TaP(.S, 5)

C>.''fl~/~~/1 :F~? (AOZS)

C . C7 /!,12/ ,TCW ftI' "~-s ^I,
'0 ,O / L II/ ' Al 'P(At I P1

' ../r, 14/ T N 1-) SC A 'O , 5

/ 1 05/ A~

/-~o.#L21/ As:1

CK 1-J. 11,31 T .AX

I1I /, 'ZI

2 1%zS1 11;133



C fl ,. /L40/ IT-A

C'IJ L /4 4/ TSTAR T

cr,"MO~ i1,46/i U £XLR

CLIAPACTEq *1 IrCHAR, IDE:'L!G, ISCHAR
C>ARACTER 42 A:' ID, 'IA4"Er)7* NkA.ETDF, JA4EADF, IAI.4OFS,

I ITARDEOS
C44RACTER *10 IDBF, ITDF. 00F~, NOF 1IDF

re names of various Innut ani:Oiltp-it files used by the SAS model axe
deeralas olos Eahtl aen batmt10characters In

X)8F- r.a-e for Problatility of rhit data base file.
r.) - -a e of t~r-~et dat.a !3ase file.
'AF- '-c of ai'o ootnt data oase file.
%PF- '- of output file.
IFF- - a ,e o f I noi t lita fila.

fr'e contsn1ts of eac'i ort-edt files is simnarized as folloas:

7 .1,1AV- CoritRInS t'e nrcz.aoility of 'it tor a3 'iven firer, aim point
inlv tiaet. Nn entry of -1. for a P-rcicular firer, aim Point
and target in'1ic, tes tiat tnis trooahilitv has not yet been
4eterninel. T'is file is filled with -I'S whier the file is

-~l r'%- tariet -i ta tile con'atno 10) iters aoout each target In the
si~ulati,,n. Tnese Itens are listei, as trey are stored in the
lati ba3se, as fo11o.m5:

1) Tarqet nv,'nt-er ,rnicni tinlo;ielv Ilentifies each target,
2) 10 c'.ara!:t r t~r!et -lsscriotion,
3) tariet size, e'coressel as heignt and width,
4) ft1ri ir-dic- tinj -.naetrer tariet is fixed or raindom('F'

irlicates fivei, 'R' inliins rAnlo'm)
a) It fixel, -In- tile contains thne fixed nosition of

tne lrqer left c*orn.ar of tie tiriet relative to the
orliln In the tar~et's reference Diane and is given

- in Er-s of X aqi Y cooriinates.
c) If ranjor, th~e tile co't~inS the heiqint and width

of a raneion area In Nhicht tne target Is positioned
aid the fixel oositiol of tne lower left corner of
tne ranlai area relative to tne target's reference
reference clane 7ivsn hy an X And Y coordinate.

5) flag in'itcatina %.,et'nCr or not the tariet can fire a weapon
(IV' inlicatts yes, 1,11 fn:llcates no),

6) L'ey inlicati-lei tie -@eioon tvne, if th~e firer has no weapon
ty~e(ie - can not fire) 3 zero is entered.

7) nu.hor of r,jnrtjs of %PT;nition available to the firer.
9) tho firatr's reqoonse time(thils Is tne timwe before the firer

firos nis first snot),
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C -) i- noin1ts #Anic-% t-. firer m'ay fire- at listed by Priority,

t)Alist cf tar-7ets w-ilcp qtay be collaterally damaqed.

-The all )ocinrt :,a!:; file contains 4 iten's which define key aimi
aoirt Infor. dtton re ilirel for the simulation. These Items are
listea as -1os

1) At'- nont n'u-ner --ico ilentifles each aim Point uniquely,
C ~ 2) 20 cnaracter ai-" noInt oescrtotinn(normallY this descrintion

corres,r-'s to tre Lri'.wrv tw''iet associated with this aim
noint)

3a fl~o iirlicattr -hett'or tne Ai~f ooint Is fixed Or random
r't'-.-1cites ftxel, 'R' ini~ates random) where,

a) it five', tf!e fixe1 zo)sition of the aimt point is
-ive! relative to tne ortitn in the taroet reference
ilana(not 1r. firer reference olane) by an X and a

b) if r~nrlo-, the nc'sition and seofarectanoular
Cra',,jn, ai- area i% oiven by sotcifino the lower

left cnrner of t'ie areA oy an X inl a Y coordinate,
e-)- t'~e ',etq-t arnd !itm~t of the randori area, and

:i list of taroets *'itcri 7-y oe 'itt bv firlnq at each aim!
Cnint.

.nTts filp cnta-Js s,--arl7P-1 ris-alt3 obtained fron the sinula-
tion. Oes, ' ts are c!-19sifi' in~to toree m~ain arnuos:

I1) r--ttvof nit.
7) )ronniti t-iat a oa-rtie!-jlar taroet exists qit!, timre, and
3) excectoi nv'',-r of t-r'ets left anri conditional probability

thta s'-ieesl!'c -- rer 'if taroets re-iin with time.

In'e in-ut 'amra til- c'iitasins tnfor-at-on ihich Identifies the
licati~n of Al. -it ~irt, a-i c-aliahitlitv of hit data Ore-

- viousi" eneri 7iIves t-C i'Irstloi of tne simu:lation, soecifies
Co cfte' st-ifatl-! resni's s'ioijll De orintedJ, and defines

n- All tiret st-itus crar,.:,'s occ,!r.

rT L.tA[,~ r4 ~ *~T()

I A"~ I I~l)
E -JIALF'CE C 1, 'A. ';'(1 I

F'.AG Is use-' to initialtze tne values used in tne Probability of hit

F 'G=-1.0
f)

Z = n(
lSrAfCc

J ,e
r 2
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* UAOE Is used to in-ijoate the logical unit nuilber of the primary inout
* elvice. N.TAPE is tnttialiy set to 5. tinlicatinq tnat Inout Is to be
* obtAinel tnterActivelv tra-' tne ter-'inal. 'IThPE is later changed to I

*1 it tne Inrcut Iaeta nAs been creviouslY storel In a diskc tile.

Set tne record slze(i, nytes) of Pach record contained1 In the tarcet
lita *)ase. The t-tSJC reC-)rl lenqtn Is 59 Plus the lengthl required for
aim' poinlts Ani colI-tersiiv effected taretbts. Each aim Point and
collateral taroet n,-,.opr reiuires 3 Characters.

vrp-dQCSZ = 93VNP71'T0r

Set tie recor-i slze(In nytes) for roccrds contained In the aim Point
datA file. 3 c~arictprs are illoted for eaMtre u~ber which may
o'! hit ny flin : at a given aip aoiflt.

100 TvPE s, *' IF [,PIT !Af[A 0*t'.E:
Pr. (5, 20A, EPR q O io. ;.r, = ID") IA~~~) = 1, 5)

200 V'3ktT (1,12)
(J-.(uTt = 1, *aor a .r rp 'U%.(N4', FRR = 1419'0)

It the Iser isrps to rodify iata 10 eith'er the aim Point or taroet
data nase files Prior tn si-ijlarton e)fec-ition, an "-I' Is entered in

* in resoonse to tne -pxt nuestlon. (f All inout nas beer, entered
- reviously inq tnoe 'isr is ready to run, a 'R' is entered.

30,0 rypt: s, I 'ArtFY TA"rE.TS OR.P1-2!.? '10FY, P-RUl''
REAn (5, 4eq00, FiQ = 30,2, F'n 3)'i) ID:h0-;U

4r An tte:nt Is afle to read tne first recoord fro- the tnout data file
- If th* rea Is successfai, tne flao JrAPF is set to 1, specifing that

inoit s'noull co-e lro!, tots tite not from tne termninal.

* ThP5T Is t'-e ti-. At o-nich resiats tro! the simulation are first
* orlita-I, to- sl -ulition itself im -3l'avs qs,;u1el to belin at TImE=0.
CTIAX Is tVie lixi-uj ttf-p 'or tr, si'ulation to last.

READ (1, *, Epp = iAv20, ;-'O z ?on) rSTAP!, T%,X
t~AE= I

- r.LTAT is the ti-c cet**een result ootnut disolays.

RP-AO (1, *, E1PR 142"0 zh 1440C') DELTAT

4-,rITLF~S is tne ri,,rer of titles used to descihe this simulation.

READ C1, 9, ERR 14.10u, P' z 14400) iTITLES
uO 500 T 1 , 'MTTAS

C
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1V1TTrS Is acn,.r~cter array containina text which describes

50 C1_%TII1UE

Redother tilA naies from tne Inout file and op~en these files.

P' .AD (1, 200, t'OR =14200, FMD = 1440n) (NAv~nPF(T), I a 1, 5)
OPE,4 ('J:IT 3. "A EF VOPF, TYPE FR aE, R 14900. RECURDSIZE =
1 133)
RF' .) (1, 200, EPR = 14200, 1 tD 14400) (,1Ak!EDrF(T), I = 1, 5)
nPP>' (141?T = 2, ).~~TYPE z 'UNKNOWNJ', ERR = 14600, ACCESS =
I 'orPECT', 0'7C POS1ZE2 = 1)

.R eal the total nw~n-r of tarcd.ts, aim oci',ts an taroet status chances
- into JfARS, JA11S and JST4TCS recectively.

P F A 1 0i E') , ;:~ 1120, c' 14400) or JARS , JAP'S, JSTATCS,
I 'A.Tw~),1 ,5), N ('AEADF ( r I = I. s)

600 F17RAtr (313, IIlA2, 104A2)
.)PP ci;:u z 6, -A,: 10,'YPE 'U>.,ERR =14700. ACCESS

1 1uV R7Cr)PSIZE' = 'iTuwCSZ, FOR4 = 'FOARiATW. RECOROTYPE
2 = ' IAFDO,j
:'P6 ,'j (;'IIT = 7, NV F =140F, TYPE: = '0%1%:OwirJ', ERR = 14800, ACCESS

I 17'1kFCf", R 'C.1iDSlZF A;.CSZ. F(3P- = 'F,'R~qATTED', RECONCTYPE

2 =FAF'
0 3100

Receive inc~t iteract1vtly, an e"m'ty input tile Nas found. It an end-
of-tile tn~fcator(CTkT Z) Is il'.er, In rpsnooe to the next question,

* tt-p iiitiilizmtion of atTi oc-int, tar,7et ;ti probamllity date hases rray
Z oe -sbrtor- P. Fxm'1nton or mrilftcar~on ot svectic values In the

orenailiry l~t tase cirn als- -e acco'molsned.

?00 IYOF *, R~T )Ii *, Fi.D rTt. E FOR SVIMLArION OUTPUT?'
i, (5, *,8w,p = 4ri, FrNr = 0Cr') rS!NRT, T AX

GO) TO 10)
1000 TYP;E C,*-VJiTIAEIZE PR 3ABIL tTY OATA t3ASF'

TYPE , 3-1 jITlA1.IZ' 41 P011T UATN BASE'
TYPO:, 4-FXAI'.E: PROB~. rOATA RASE VIALLC'

R$FA0 (5, *, ERR 1000, ENOJ = 906)E
C0 TO (1100C, 130C., IboG, 1710, 2COO)l

11130 TYPE *, * NAM'E Of' &;EW PRORAOILITY VATA BASE FrLE?-

RFAn (5, 200, FkF'z 1109, 0-11 z 1100) ("AAEDBF(1). 1 = 1, 5)
OPEkj (UNIT 2, t.A E = .",TYPE ='UNt NlwNt', ERR r 14600, ACCESS
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1 DIkFCT-, P:CnP0SlZF 1
'IRc; * TIA* ('TA9C:S- )+'4TAIGS*(UAIPTS- )+iTARGS

00) 12-IJ T = I1, NRP:C :A'

CurjSE ('I'IT = 2)
GO rO 1000

1300 TtP6C *, ' 14AME OF F TkkGST DATA ti4Si FItLE?
PFAD (5, 200, EPP 13gj0, FND)= 1300) (.4AETDV(l), 1 1. 5)
ooE..J (UAd~r c 4, eNAmF = 'NTDF, TYPE = 'U.4Kt)~o.J. ERR a 14700, ACCESS=
I 'DrQFCT', k-ECC'PSIZE = TZCSZ, FiRm 'FORwArTED', RECOPOTYPE
2 a FIXED')
01) 141, J x 1, %ilkPr

s4ITE (4J, 7'00) 41, (*JAvxTDf(I), I = 1, 5), (Z. 1 = 1, 6). NJZ.

I NZ, Z, (NIZ, I = . AIMPRY), (NZ, I = 1, OTCOLAT)
1400 C VP.TjIFIEJ

* Cr.USE (041!T = 4)
GO2 TO 1)00

1500 fYPT: S, ' OF '.Foa Al% P01I 'T OArA 3ASE, FrE.E?'
.4,k (5, j30, 'ERR 1500, .'r z150')) ( -A AADF(I) I = 1, 5)
joE1 (u41'= 7, NV'E = -- T:, TfF9 ' d$' ERR m 14R00, ACCESS=

I ,rRECr,, FC-:,Fsx17 = ' 4RECSZ, FORm 'FL0~ArrwO, REC0PVTYPF

a-4ITW. (7*j, 8:J0) 1,AAef() 1 1, 15), (Z. 1 1, 4), (NZ, I
1~ 31, 1mmITGA)

1600 c2ITIl Iur
Cl,)t (J IT = 7)
Go) r,! 10,1,

1700 TYPE 4A- * ; F F IA61LlYI rArA RAS ; FILE?'
F 4 o ( 5, 2)), E R 4.11 u), E I-D 0 10)) ('E09() I I I ,5

DPEI; (0111 2, Ibvf = \LAF, TYPI?' 3,.0v' ERR 14600, ACCESS
1 )I~cC1, i~crp0$OSZE 31)

1910 TYPT *, ETF': 4PrTR,'A! IR, 1GFT.'
RFA'n (5, f, t2 a 1301, ENJD =1900) 1, J, K

NRC= ir'Af(c1l)+AT&PGS*(j-l)+K

I~ 1r3 (1), 14 ))p'

2 F) I z: U * I n P-'COA31LtITY DAi'A 3ASE FILE?'

(1E='.Nf4WJ R 1600 ACCESS

I '0IIRCT', RECORZSIZE = 1)

-EC = 4rT.A*( 1-1)+,ArAQ(.s#( J-1 )+l

C!,OSE ()':IrT = 2)
GO TO j)l

2f() TYPE *, ' TVIF t!rarEVAL Ar wHIC~4 RESULTS ARE DISPLAYED?*
mEA0 (5, 0, E44 = 2?-),, F1.1 z 2200) 0ELTlkT

I a (TPAXT~rAP)/D7LrAr
I(I rT?. *fI) 9ro 22O
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2300 rYPE S, NIMI~ER IF 'ARawARE OPTION TITLES?'
RcA!l) (5, *, ERP 2300), END s2300) NrITLES
If' (:1rikAS *GT. MTIELES) GO rO 2300
00 2600 1 1, .TITLES

2400 TYPE -~ TITfE -, 1, ?
R!?AD (5, 25n0, ERR = 2400, EN z 2400) (Ir~rLE(I, J). J 1

1 mrITLEL)
25()0 FORM4AT W(TLTLEL)A2)
2600 CJNTI1JUE

*2700 TYPE *, I NAi4E OF FILE T0 CON~TAIN RESULTS?'
READ (5, 200. ERR =2700, MN a 2700) C~EP() ,5)
OPEq COIJT =3, NAME sOPTYPE = 'U?4K,.:)WN, ERR a14900, RECORDSIZE
I = 133)

2800 TYPE ', NME OF PROSjAtILITY DATA BASE WILE?'
READ (5, 201), E:RR a 2800, VI!C =2900) ( ''F-ADF(I), I = 1, 5)
OPEN MUIT a 2, NAVE = V08F, TYPE a 'UNK~.0'J', ERR = 14600. ACCESS
1 'DIRFECT-, RECORDSIZE = 1)

2900 REmlNl 1
3100 TYPE 4 TARGET DATA FILE %AOE?'

READ (5. 200, ERR = 3000, END = 3000) (NA'ETOF(l), I = 1, 5)
4 OPEN (JqrT m 4, NAME 2 %TDF, TYPF = ~'MA.)fi, ERR = 14100, ACCESS

1 'DIRECT', RECOROSIZE 2NTRECSZ, F'0R4 a'FoRvATTED'. RECORDTYPE
2 = 'FIXED')

3100 NTARS = I
IF (NTAPE .EQ. 1) GO r0 3200
TYPE 4,' ENTER TARGET INF01I0%.'

3200 NTA4S V TARS+l
.IFIREF a 0
JTA'RGF = 0

j330 IF CNTAPE *EQ. 5) GO M0 3600
IF (ISTATCF *E0. 0) GO TC 3400
IF (JS'YATCS. *T. NSTkTCS) GO TO 11200
ktAD (1, *, ERR =1420C, ENO = 14400) NS.TAR(NTARS), STATUS(NSTATCS,
1 1), STATUSeASTATCS. 2), ISIATL!S( STkTCS, 1)
G1 tr0 35')0

3100 IF JirAkS .LT. NTARS) 00 TO 8400
R--A0 (1, 4, ERR z 14200, ENO 14400) &J-rARCftl4R5S

35J0 IF (1.)Ed3jk .E'). '4') TYPE 4,*TAFGET -t kt.P: ', NU'4TAR(NrARS)
GO (0 3790

3600 TYPE 0, ' rIR3ET ".iUv!R?'
kk.AO (5, *, ERR z 330.), EID = 8400) N:Uv'ttR(,,IRS)

3700 kt-A;) (4':UPTAR(NrARS), 700) ISK1p, (ItfiP-LIS(14TARS, 1), 1 1, b),
1 (rAkC'4AR('4tAR5, 1), 1 =-I, 6). '.NYPE(NTAPS), NRO04DS(KTAPS),
2 zveN-TTi(,rARS). (VAIMPRY(NfARS, i), I = 1, MAI,.RRY),
3 (IM1CLWATARS, 1). I 2 1, ArC0LAr)
IF (ISKIP z0Q. -1) ;0 T3 4100

3800 C3,1r I i E
IF ('arAP7 F0. I Vj'D. IDEaUG FE'i. 'RI) Gi rO 7500
TYPE , I -DESCR1Pr1'N, 2-ARGEr HEIGHr, folDrH'
TiPE , 3-RANO-4 TARGET AREA LIJAER Co lR)IlNATE'
TIVE *,*4-R%'001! TA4GE'l ARE %E1Gr, ' ('
TYPE 4,*5-TARGET AREA L04ER COORDINATE'
TYPE *,'6-WFAPOrl TYPE, I-AYvUNITION, A-RESPONSE TIME'
TYPE * 9 -AI PoHirs, 10.COLLArCRAL 0A-AGE TARGETS'
RkEAD (5, 0, ERR =3J00, EvD 7500) .1
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GO TO (34 Th, 4300, W6)07, 5110, 5300, 59-13, 6200, 6500, 7000, 7300), 1
GZ)3 TO 3i40u

3900 mR'ITE (6, 4903) ([TAflES(*1tRS, 1), 1 2 1, 5)
4000 FORIAT (I TARGET DESCRIPTION: ', A2)
4100 ryp *, I -Apf-Er ')ESCRIPTX3N?'

REA; (5, 20), ERR =4100, END 4200) (1 IRDES('JrARS, I), 1 1, 5)
4200 Up; (ISKXP .71. -1) GO 10 4400

GO TO 3qO0
4300 TYPE $,*TRrET IHEIG41, iDr+i: *, T&RCilkR('jTARS, 1),

1 TARCHAR((jTA4S, 2)
4400 TYPE $,*TAR;Er AELG-4T, w~

RE2AD (5, *, E94 4400. END z 4500) rARC~i&R(NTARS, 1). TARCHARe.TARS,
1 2)
3rARGF I

4500 IF (I5KTP .EQ. -1) G-3 TO 4700
Go To 3300

4600 TYPE *, I RANDOMI TA'GET ARE2A, LOAER: X C:.)R., Y COO.:
I TARC 44-4(CA 5, 3), TARC*{AR(?TARS, 4)
Go ro 4401

4700 Tl P; *, I RA!.d04l JR FIXEV TARGET AREA? F---IXE:3, K-RA.vDG'
R F&D (5, 4d$?0, FRR 4700, ' n 4700) tC4AR

4800 j*RiAr (41)
IF (ICMAR. .-4F. IF' .AUD. 1:A .%.E. I') GO TO3 A7110
IF CICrtAR .j. I) GJ 10 5103

4900 YPF. 0, *R;'MA TARGi AkEA, LUwt. X C3D'(*, Y CC30Q.?'
RcLAD (5, 4, FR z 4701), =5030) T-ARCriR(*jTARS, 3), TARCHAR(NTARS,
1 4)
JTARGF =1

5000 IF (ISKIP .':'. -1) GO 1) 5200
GO TO 31)0

9100 T1PE I,*~~,0 rkRtT AREA rmEIGHT, XIOT.i: 1, TARCHAR(NTARS, 5),
1 TAP7AR(r'ARS. 6)

5200 rypF ki, * o rui;t. AQ.EA t'U5'4T, 4T(I ii?'
READ (5, 0, UR = 5200, E 'D 5fhO) fAACAR(NTARS, 5), TARCHAP(NITARS,
1 6)
JrAPGF =1
GO To 5a)0

5300 TYP' , TAR(;W.f ARFA, LO-uTR: X COOR., Y COOR. I, TARCH.AR(NTARS,
1 3), TARCrA&R('NtAIR, 4)

5 A1)0 VPE 4, r-\R'-(FT 4R*A 1L0-E': a CJCR., Y COOR.7'
-i A3 (5, 4,EKR -- 5100, E..3 5500) rARCHAR(NTARS, 3), TARCHAR(%TARS,

ssno T) 4OAR4T S 5) ;E S ro 5700
T.ARH~k4RrARS, 6) x 0.0

560 IF (ISKI1P lE* 1 0 030
5700 TYPEF *, I % A*E ikYfs ,0

RtEAD (5, 48-W. ERR =5730, N=570lqA
IF (ICHAR .;,E. 'i' .AD. IA;.E N)G O50
if (rCIHAR .--G. If-) GO CO 5800
IATYPIE('TARS) = 0
EETu(4IZARS) 2 999.0

GO CO 7400
5900 TI' (rsKip b;:o. -1) GO TI 600
52030 TYPE S, AG'AP3)i TY3E: ', rYP& (*iTARS)
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bo(O TYP&' FVI~AO.i TY-1-?'
HCAt) (5,S, E'4R =6030, E1%:) 6100) .414TYPE(NTARS)

IF' C:-TYP7( 1TA.R) *LE. 0) E.VENTTm(NTARS) = 9999.0
IF (f Ay;)c(ITAR~S) .,-r. Y'-TYPE:S) GO TO 6000

6100 iF ( I-iKIP Z,;. -1) G 3 10 6300
GO T0 3400

6200 TIP. IF, * 'Ji OF Q'IUIDS AV4ILAkkLf: *, iR1U1JOS('4TARS)
6300 TfPw *, ' iJ.43E OF ;)U' S 6VIt,%BLE?'

READ (5, *, ERR a 63DI, END = 6400) SR0'i'4OS(N.TARS)
6410 IF' (ISKIP .!iO. -1) GO V) 6600

GJ TO 3O0
6500 lr (ISTATCF .-:). 1) (70 TO 6700

TYPF *, ' :tSPONSE TIVE: 1, EVF.1TTm(NJTAPS)
6600 IF (ISTArCF P.,). 3) GO rO 68CO
670If EVF"T(V'S) = 0.0

6800 TYDE 4, 'R-:520'YSE T1yf'
Rk.Al (5, *, EZ z 6oV0. Ei40 = 6900) EV--diTM(NTARS)

6900 IF (15.I? F:O. -1) cOJ 1:- 7100
GC TO 3411

7000 TIP: kI -A~1 'o1IS K' Y PRICRITY): ', (4AIMPRYENTARS, 1),

7 100 'Yr)F:~ Alm PI'TS(O~9E -AY PRIORITY)?'
REA (5, *, Zq z 7101), E%0 x7200) ('JAI-PRY(~ITARS, 1), 1 1,
I 4A1 P,?Y)

7200 1 (l-i'IJ -1O ') GO T3 7400

7300 rYPP'* TR '> TS 04AGCO 91 -ITri:jG rTS TkRGET:,

7400 iY~i P , w N 7i--S OA,CEC PY HITTI'C! T~ifS TARGET?'
Rr:Ao (5, s, c.RR c 7400, END0 7200) ('NrC,LATCITARS, 1), 1 z 1,
1 "'TC'LAr)

750 4..~(f~ 70)) *',1-TAR(,1TA-5), (tA1[)ES(e'TARS, 1), 1
1 1I, 5), (7 RCHiAH(.\Ai45 1), I 1,I 6), .r"YPE( 'TARS),

2 J400JIOSU.NTA-w), EVE'IT%"(vTARS), ('1A1Y.PRY('%TAPS, 1), I = 1,
3 Akl'P4Y), (,-TCCLAT(.-T.'PS, 1), 1zi = .TCOLAT)
1- (1:iTATCF F). o) Gn rC 7POO
1e C. 1ADE~O 1) GO 10 1700

7600 'C,PF it, * SrATUS CmA%.GE TT.'F, UVITIAL DFLAY, OLD TARGET PNU11ER?'
PR-:A.) (5, *, EPP = 7600, V'r0 c 76rju) STArusC-,STArCs, 1),
I SrArIJS(kSrATCS, 2), ISTANIS(.NSTArCS, 1)

7700 IST.1C'sc, 3iArcs. 2) a tiu'TAR(ifARS)
,JSTATCS = %3'rATCS~l

78030 IF (ISKtP EQ0. -1 *OR. Ir~eG E3~. '14') GO TO 3200
!F= our Q(NTARS)

IF (jrAiF E) 0) (-.D 7.0 g10
uO 90:)0 1 = 1, %.7&OGS

01 71913 J z 1, %A~kT

41f (2''.kC) FLAG
7900 C.JNIO'UE
R0fl0 CINTI 'dUE
d 1 (0 IF (JrI4;! F1. C OcP. rFRIG T'). '4') GO TO 3200
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J3 or I 1 '!IS

43()( c2~' - T I I

'~320n

;1410 C. 1:3ITC *F). I) 7, 1 l2n'0
-;AS TAPS-1

yF r.pC Pi 5) G.) Tf) P5rO

~-~~,4Prr', 1420'i~", E'. )= 14400) ISCHAR

95ro ripw~S A I., P',I ' I 71T5 FJ(U
- - '' (S, 2f-, . o; = *4'Vi fr) = 3V)0) (-A.'EADFMI, 1 1, 5)

ac (u jr = 7, 4AA = .A:F, TyE = ;U\'R = 11: I00, ArCFSS

I ET " , P ':C')%',S1Z Ur AREC57, FORII : FOR'AATTEO. kCCR!'TYPor
2 FTX:)

i u , F- E.IF:R Ali- r-1I'.T V1'.QkATIQN'J
Z60 *l = IAVTS.1

470C 10 ( .7aa. 2 5) 'Y) roj FROO

DV~r (1, *, iPP = 142r,0, F'D 1 44()()) ..;AAIAP(I AIVS)

I T(II U A"'% PG 'i 0 *,*AT 'q 1 , U&X.(NI

(;- (5, , Fc? = 4V7' r .~ 2 = 10 10 '1 U'A I *.P AJMS5

0 C.' -A V (7''A I "P & AT'IS C '0 ) SN I D (I A 1 0S(..IC V)A I = S,

1 5) (A I C A j( A T Si I 4) T i r~ i ', A C NIA I S. I) I I

It' ( ISKI * -1) 'C T,- Q3'10

19 (. rLkPz ~* 1 *t ~ 1' .:'). I iDi'') ;) TO) 3')00
T~P f 5, 1 -7 SCC Ir TI -).N
r'~. 1,-~~.j, All 3'21' A 1,Ja4tR C)CRTDlATE

~ , ~ TS -"ICn *AY r Y i !RI,4r 1 T I~S AT.' PGI'JT'

(5,i 4?(' E D~0 IO C. 7'4.) 1

910G ''1TE (b, 92C00) (IAI -nS(NAT S, 1), 1 1. 5)

Q2^'" -*. & ',I" P--I T S4, I21

95C 1 rPF R5, 73 1 rKQ1 * 4P)KA LJf-.LiR C CR. I, AIMCHAR(NAIMS# I)&

AICI( AlIS 7)
ro 97)v

9~% r~7s, ' .A'- K. *; FTXZ, 414 P014? F-FLXED, R-RANDD"1

I-CIZ~~t~. .A rc' . 7') 10 TO~ 9610

~~~~~ 11
1 

t4-$ D-':~- ~ i~EP: X CAJR., Y COOR?'
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PAl0 (5, k:, 9I 70(), Ee = 9hQ0) AXA4C644R(44AI4S, 1), AI'4CtARUJAI"IS,

9900 IF (X3'~Ip Fw1 -1) GO TO 10f000
GO TO I'J)

'9 go Tfi'E *, * 7AI4 All- P01.4T ARFA 4F'1GHT, 4aD?4: '. AI"CHAR(MA14 5,
1 3), AI,'CillR(N4AlS, 4)

10000 "rYPF * kk'iC1JO ALI. P(11.f AREA r1i(1rT, vvIDTH?'
READ (5, *, R a IVOOiO, FNO = 10300) Al-iCHAR(04U"S. 3),

JAI'MF 1
S) TO 103n0

V11191 rYP9' S, ' C~)i~.)I,&TE2S 0" AYT'Pflj~r; v., Y ', AI'lCIAR('JATMS. 1),
1 41 *C~~ AS, 2)

10200 tYPe. *. C.1)'JP0I vAfS OF AP4 0,J[JT X,Y?
S(5, *, ERRz 10200, EN = 10301) AI.4CIARiA1mS, 1),
1 B-tIPR(-4AI4S, 2)

lO3(JO T, ('KTO FJ.* -1) GO 70U 10500
* ~ 70 90),

10400 TYPF , Tk-?W,ETS iiC11 mry 9-: 'ir qy FTRrNG AT T14S 414 './/

I 'POIN'T: ', (t.rwI1,r.( o*A"s, (), I = 1, MTUF~rA)
10500 TY"' *. TAk,;rs r~C' AY o 4tr gy Fl'I41 T E'11S AI P014T?'

S(i, *, FQR --ND, = t')b~l)(~ G(AIS )
1 I4A I Fr(,)

106C0 1P (TSID .11. -1) 11] TO QC',)

I z , ~), A14H~~'~I.3,1), 1 = 1, 4). ('IT1ITGA(,aAI4S. 1).
2 1 1 . T IrrGA)

I = !Ji]" PC AI'S)

m 00 1 1 'TA G 5

A*17 (21:r W) YTA GS*~ '

109 0C r I,,I',j:

) TO A,)+)j'

11C ) .'11"S SrrgCHN

W1 ~TA - 5 =r
ISrklI'F 1

G ro 32 )4
112(0 rsTARS = !TARS-1

r' 1)11o-1fl sectlon InsursS t-iat orooatli1ties of hit are Calculated
for all co'toinaitions of firers. eawT o~nts an'l tar'ets oossiole.

- T".ese Pro~biltieS Of hlit aro storod 0thV in the lata 0ase and In the
P rA~mir array.

rjn 12100) InXFIR =1, 1TARS
IF iC0k T ).) 0) GO To 12100
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DJ 1 20-0 t1 L, A I m A

NA'A = A i " PY 1 DX FI' 1 DX A 1 A

NA-SAJF ;I'
00 11900 I0AT~)k 2 1, 4*t~iI1GtA

IF (NI *r2'J 1,~r ) 12,')00

READ(Z' PF ?f'H
lj~flC FcqiAr (j'10.7)

IF (P-.-4 *. -1.0) GJ T) 11900
OU 1140() j 2 1, -AIA S

IF ('1J~ht1P(J) .E2. !44A4) GO TO 11500
11400 cri dT I U.

r P: F 'ATA POINT , 144', ' COJLD VIT BE F'OU;iD.'
GO 1) u 1 9 0)

D:1 116'(,o I
*1 IF ('-U4rAH(T) . . 'if') GO r3 11700

IWO C )V7 1 .tV
rYPF* 14. ' ' i.r: '. N~T, N )J O T 4E LOCATED.'

CALL C TP'11

1I C PTAtT-(1.JXFI0, EtXTAR) 2PTH

121,10 C, IT I u E

J 1"c
44TE (3, 1220nl)

12300 P!- 'A~T (* 1ARrT 'ArAV)

r~te t -iet .InI ak" poir~t *At8 tO outr'jt file.

12 i7 0') 1 m I , - AP S
IF (I rl'. \T.Q.',) GO To 125-10

Qc (3, 1741.01 I1 (IT1 DS(T, J1), J 1, 5), CTrARCH4AR(I.

2 J), " z (J. ). S-TATJ(J, 1).SYTU(J. ).(NAIPRC
2 J)l PRfT 3) .1. 1&~' , 4IOAPRY, (iC7). (I J) J 1, 1,OLr

12600 FnR'AT (1)(, 13, IA. SA2, IX, W(7.3, M,) 12, IX, 14. IX.

I 7./

2 JA, 4, ly,1;)x, x, <4144 >1,M 4TOA>I,1)



F7.2, 3,)X, t3, 2(IX, F7.3)/.
2 IX(, 3X, 11(. lOX, t(, C4A1'4PRY>(I3, IX), <14rCOLAT>(1X, IM)

1270n C0,4 rI :JJP

12~0 r~(3, 1 2e(OJ
I 2OO ')iAr (' AIM± P11-T DATA:)

00 t101h) 1 1 , N~A I S
v-RITS (3, 12900) Y14.A!;P(1), (IA1I4DF'S(1, J). 1 1. S),
I (AIkC'444r.1, J). J a 1, 4), (iTHITGA(l. 3), J 3 t 1 THITGA)

12900 P1Rmk? (IX, 13, IX, 542, 4(1K. F7.3), <MTHITGA>(1X, 13))
13000 CONTI'iJ

.,71TE (3, 12209)
=r z 1+1

N4rA1RS = K1fARS
NSTATCS = !ISTATCS-i
00 13200 1 = 1, mrq0iIPS

D-1 131uO J 1, Mr- G
1rcGR00P(J, 1) )

13100 CA):JTiUF:

13300 IF (',rAPE .rCQ. s) t.) rei 134')0

Read ltinn'Il tarcer 'rouninqs for condi1tional Probability calculation
after siT~iu1 ion is cnrnmiote.

R 41) (1, *, ER~R = 11230, E110 z IMO0) IYTI'YG
GO To Ioi

134 10 TY P F , -*J OF 'IR . 4-RO]l
r 'A) (5, = 13403, FJ4) z 131~00) 4TI JG

1l1w0 f~ *, i'4RGETS F)R .4]Ci C0I.SLPRO~kAPIL1Tly SH4OULD BE~'I

R.A D ( 5, *. P = 1 3 5,) , 1-C) z 13500) (ICIROUP(l, NrGROuP). I = 1,

r: ra 137,)o
13600 AD (1, f, F.: P = 112,10, F'.n = 1440-3) (ITIROUP(I. MrGROUP), I =

11, 'TT%(G)
13700 N'TG 0:1Pt

IF I.E'~'*~. AGQ0UPS) G1 TO 13300
I 3900 jir;4lop

140 11; , 14100) ( 4 4%,FI OF(T)I 1 2 1 , 5)

G) TO 13900
142nt0 4 IT (6, 1430,J) (,,*!'r)Fo(r), 1 2 1, 5)
1I30 F-)'Ar (' E~ O REO1)IG FILE: ', 5%2)

14 00 qktTE (6, L.500) C J31ZF1), 1 = 1. 5)
1450)0 F ~ (' ERROR - ZJF E'COO.TWRE) ()A: -, SA2)

GL[1 13900
14610 ,4(TE ('i, 14133) (N4VAEO8P(1), I z 1, 5)

'r) ro 13900
14700 4,,.1~ rE o 14 1') ('t 1J), = I1, 5)
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k; r o 13 9uo
I1O Igo) 4?E (. 6 l41 uO C IFA~) I = I. S)

; ) rJ 131-10
14910 4-11Ire (i, 14101) T.~J~ ) = 1, 5)
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Z PURO)SE - Suoroutine STAf>4(, is iseJ to schedule a target status
change or iroo of tarlet stit,is cianies. A taraet statlis

- chanqe Is a nolificatton to tne current qualities that
- define tie tara-et tm tne nodel. Any of the Items which are

associate-i ,it a tirqet in tre tiroet -ata base may be
*modified. Exaoles of Todltcatirls include:

1) cr4noe in tsr'jt size or snaDe,
* 2) increase or decrease In the a-ount of ammunition

avallaIe,
3) selection of nv 4earon type,
4) cnan'je in stracK or defense force strateqy,
5) cnanae in aitinq time or ieaoon firina rate, and
6) collateral .a4mage effects.

Statis canoeS m1l be perfornel hv this routine until the
tinme in .nicn tne next status cnanae to oecur(STMIN) would
exceed tie ti e ot the next firtn1 event.

r -3 -1T Q -I'R,%

C t' : /L23/ rjAK

C:, ; ', /125/ ,irtS
/1, ..J , / 29/ 4IF

CJ.' ,4' /L35/ T I'4
C'T.'4*A . /L36/ ISTATJ.S('1STArC, 2)

'40,, /437/ STATJS('ASTAI£ , 2)
CZ'"O'4 /t34/ %S3tArCS
C, '. "- 0"; /t,39/ IO FTR

C',' A 0 1 /,421 ASTNTC
C " Cri' / L 3 / ST'*i"

Saarcn the status ci-noe array to determne tie index of the last

tariet 1avinq mtnim stitus chanle time. The inlex of the next tar-
i ct t,) in eruo a status cianqe Is stored in NSTATC and the time at

wnicn tne status cnqnce occurs Is store,1 in STMTJ at comoletion of the

It)(1 01 3) 10 0 = 1, 4S rA r7S
IF' (STATUq(L, L)-SI'14) 210, 300, 300

200 ST-ATV SrATuS(I. 1)

300 CON T INUE

if the tire at anfcn the mext firlin event is less tnan the next
status cnanle ti-e return to orocess tirinq events.

IF" (TAI'I . ,rm'i" ) 96TURqN
C

N Is is the numoer of the tarqet mrich is to he Changed. This will be
- considered the ol-9 target number. -nen the status cnanqe is made, the

Ir old tarqet nu-oer In F' is rnsn'ed Inatcating that the status change
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=isrATIJSCrSTATC, 1)

Locate ti~e index of tne old tarcet nu~'oer In the NU4TAR array. it
tnis tarlet C41 not ve found, an error occured in the initial inPut
'late and an error Tessaue is orinted.

00- 400) IDXFIR = 1, NTARS
IF CIF .E). N1uvrAP(IDX'IR)) GO TO 600

400 C1'JTi J'J7I* ~jATEZ (6. 5Sj0) NSF
50)0 ;*'.R!Ar I SrATUS CiA'.GE FIR )PARGST ', 13, is Sjor Possislx.,)

Subroitine TAREXEC Is called to m~odify desired para-neters associated
,.itn trne old1 target nu,,~er, and asSign the new stattus change target
nomneuru iniicating tne tiriet Status conqe tias Seen sucessfully

660 CAW, TARVEC

71 tre til~e of t' e next statiis c,)ar'e Is set greater than the total Sim-
ilation tlre forctn7 3 new Tintil' status cianoe tin~e to be selected
o-form SIA rC,'; ret urns.

It an erro3r has occured DrpvioL'sly in rAiEXEC, branch to deterffline the
tiu'e inl taroet nUuer for the next status cnanie.

iW (J R411 E3. 0) GO' T) 100
7,10 jqe. IJiR
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P.IRPCSE Stivrouttn,! TAREXEC 15 Called to Modify desired Parameters
associated with the old target nu'ioer, and assign the new
status cnan3e nunher indicatinq the tarqet Status change
has )e oc s ilycy etd

x'JCruDE '%.INC'

C1aM-04 /L6/ NUATCOIAT(.AGS. IOLT

Cu ''0' /r,,7/ JTAiD-RC vA;SR5

C-!;*0 /i2/ TRhR;,~ G .6
C:J,; /L J/ -- YE(A ~ k-S

C, I 10 /C,36/ IT01AUS(S~tTC, 41OL

CC-*1 /L13/ U'A0X (ALATS

C,',2 /L6 ' NrG~ Al'$EPf, A"E417,14) ~ JA.A~ IID
CI ,,O4 L9/ARD$T:SA('S ,1 I~i TTA

C j~tr t'5 e L'11 a~ / ~ ~ ,e Jortr to the t~ Rnomto hc
C~i 2rvo~~ 5 se It Te~erc toA.0;ar

C3,11 , ts IrSTA1S (',IC. C 2)

Se; IQ' /to37 tne T neW taroetAI 2)
- , /r3q 0xFT

Readj in/mto 40oi~e 1it Te VAgtnub

I 10 x A149



I1 i '2U('Ai) --V?-:M ('4A14PRY(I0XFIR, 1), 1 z 1

2 'AKt'PRY), (4TrQ1.A(1 ;R I)p I1=1, mTCflL4T)

A heacvom type of zero inctcAtes th~at this weaoon cannot fire~ie - this
* is a aterial type tarqt such as a truck, tt. and not a personnlel

t arpet). It this Is R lateriil tyoe tar~et, branch.

- IF' (44TYP(LOXFtR) .E,. 0) -M TO 1100

It the tinr-e before the next olayer fires is preater then zero, schedule
- tnl~s firer Into tne iueue of rola~ers -waltin3 to tire oVenterinq tile

oresent ti~e at anicn the status cnange is occ-jrino(ST141N) Plus the
tine nefore tne clavor fires its first snot(SrATUS('JsrATC,2).

IF (srATdS(.sTArc, 2) *GT. A~.0) EJFNTTu(E0XFIR) =Sr"Vq+STATUS('iSTATC,
1 2)

!mTe follo-irna sect!1,n ins:r~s tn-at all ObjabIlities associated with
t'nis '.ev firer firimi at tne tarnets 4hicn ne can hit are correct.

tJXA1I' IS .iel AS an tniew to st~ecifv a oarttcalar Aim cioint Mhich the
- fir-r cin fire - et. 1!Xhlv is set to I Initially to soecify the first

AL all init.

4 I'XAI4 = I

J'.LAil tnp at', colot mu-7npr.

200 t~iYI~iI)XAI*I)

* It the ail, olnt nil-?jer is zero, this indicit,!s tnat All aim points
*r.Io tne firer cain fire at nAve opeCn examined. In this case the
orrAi is taicen an3 all oro'antiittes rP3Ve ceen fo.jnd ahich involve

- tris firer tiriria at ntoer tariets.

IF 1'.'.~.) Gi 1-J il)U

1'XAR~ --3tnts to tre n-ext tAroet dhicn can be nit ov firin3l at this
aimt o-'itC A').

*r is the tar-let nuyber of the carp4et wnich can be hit.

300 Fl' = IiTJITGA(.A.", 10Y"A4)

'=)Inlicates 41) targets *.nico acy tie hit by firinq at aim point NAM
h ave b~een Investi:-itei anI orooa'.ilities of hit have been generated.

IF (FjT E). 0) 10. ITi 10-00

'IREC Is the recor"4 nu~otr in the orObability late base of the record

containingp the Pr-,raiittv tnat toe tirer('ir) tires at aim point NAm
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C and hits tarqst N'.

:NPEC a 'T4A*('iF-1)A':TRAfcS*('AM-1)4Ir

C Tne orobabiiity of hit is stored in PMi.

R.AD (2'4RFC) PTH
400 FO6RIAr (F10.7)

C -1. Is used as a s~ecial flaQ which indicates that the probability
of hit ! as not aefn caieulatei areviously. If PT'4 Is not equal to

C -1. It Is assuiled that it contains the correct Probability of hit.

IF (PIN . -F. -1.0) G00 TO' '00

L iocate the Index of the tar'qet ofltch !Yay be hit in the NUMTAR array.
Cit tne tircet cnuld not oe foain-, in error nas occured In the Input

Z data and An error Tessaze Is Printel.

00 500 1 = 1, '4TAF-5
XU (T"CAR(I) 62 'T) Go TO 600

500 C',1TI NE~
TYPP a, tCFr: '. IT, * C011LI *zoT iiE LOCATED.'
50 TO 21s00

C :I is relefined as the inie'( of the tar,;et .hicri may be hit.

600 *'I I

C Locote tleiC nlev of tne at o'-i-t i) thl- 'JU'AATMP array. If the Index
C could not Ine fou,n an~ error mesSao1e Is orintel indicating an error in
C bout oata nas hen r dotectei.

v,~ (jii4Ai P(j :a%) Go r. aoo
70G C ,r U

IIPE *, *41-4 P01NT ', ?h%, ' C)OJL)OT 0? FOUD.

GG TO 2A10

C~ I~ s rei4efine'J as t~e index of toe ai'n Doint In the NUMAIMP array.

3')n . J

C GFTPT' is callel to orntain the orooaollity thtfrrNF fires at aimI C ooint .0iiA1'P(-4AM) and nilts taratt -'U'TAR(NT).

CALL Gcrpei

Store trie Drooalollity of nit Into the date base.

*QITE C2'.dREC) PTH

C Store the vrovatIliity of lilt into the PTARHIT array for us* by the

manl program.
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900 PTARHtT(IOXFIR, In)XAi4, LoxrA4 PTH

The index to the next taret dhIcn nay be hit by firing at this aim

noint Is Incremente@-.

I)XfAR = IOXTAQ+i

If tne inlex ,oos ,t exceel the maximum number of targets which way

oe nit by firinc, at a olven aim point, tranch to determine Probability
tnar tnis taroet is hit.

IF ([XTAR .L'. vTHTq4) GO TO 300

- Increment Index oointini to next aim ooint &hiCh firer may choose to

fire at, probabilities of ntt nave been determine for all targets

!.icn nqy have bewn hit oy firing at the orevious aim point.

loco EI:XAI =TXAIM I

* if the nuqter of Aim ootnts examtnel is less than or equal to the max-
- 1-im nuJbar of ai? coints allohed, branch to ootain orobabilities of
* hit for all terfets associated mith tne next 3i1 ooint, otherwise all
4 aiT ooints have Deen exactined and probatlilities of nit have been de-

termiei for all taroets which the firer Tay hit.

1w (I)XAVT .LE. A[.,PRJ) r0 TO 200

- Tie filloving section Ins'ar~s tnat orobabtlities of hit have been

f3rlid for all firers Anicn can hit trils tarciet, wnere 'this taraet'
refers to tne tar7-at anleroolia tne status chanie.

Sev- tne index of tnis taroet.

11 o TLX-'SV = TDXFIR

- U YrT is usel to Intex t e next firer *hicM can hit the status change

- t~r et.

- Tf the .,anon tyo- of this firer is 0, tnis tariet cannot fire, hence
It is i'nored neciise it carnot nit the status cnanje tarqet.

12)0 U? ('iT1Pr(IVXFIR) .E. 0) GO 'O 2500

'I Ootain the firer n67oer for the firer indexpl oy IDXFIR.

A:F* a 'eUTA(1CFI:?)

* IJnore 0xAqtnAtion of tie teroet which did contain the old Information

tefore this status chanis was oerforned.

I; (r ,to, NFOLD) GO TO 2500

- eercl throuqn alt of tne tiroets which may oe collaterally damaged by
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.. 4

* hitting tie tarqet oointel to by IDXFIR. Make sure that it the Status
* ncanqe target Is one of the taroets which vay be collaterally damaged,
* trie orobability of nit nas tbeen calculated.

DO 1300 I a 1, 41r':OaT

- Obtain) the Index of the next collaterally damaged target.

Nrc = NTCt'EAT(IDXFIR, I)

If all collaterally ::Caqed taroets have oeen checked, branch.

t (STC .FO. 0) Gn TO 1400
1-nore examlnation of the ter-et which did contain the old Infor-

-mation before to~ls status chanqe 4as oerfor'ed.

I- (,IrC . !E. 'FOL)) GO TO 1300

- Store trie new status chanle tariet numoer in place of old target
nulber in colJaterallv lanaied tariet array.

4 %rCOLAT(Tr)XV1R, I) = -PE
1300 C'):N£ [",JF

* Tits section insures tnat if this firer should fire at an aim point and
and hit tne status cnange tAroet, that the orohability that the Status

- change target is nit nas teen computed orevio,isly.

C rox[il is Initi-liv set t-1 1, oetntlna to the first aim point which may

- he ,it oy tnis firer.

141)0 IOX41' Z 1

1,tain the ai" point nu-ber.

150) ,A = NAIl4PPY(I'0XF?, l;'XAIV)

- It the Aim noint index is zero, all aim points wnich this firer may
select nave teen exarlnnd.

19' ( jA4 .,Q. ')) Gn ro. 25no

rne index to tne nutoor of taroets(IDXTAR) which nav be hit by tiring
at tne current all notnt(WA1) is initially set to 1.

IJXTAR = I

* rne tareet nu,ber of the next target which may be hit IS obtained.

1600 AIT x %THIrGAVIAM, IOXTAR)

The branch is taken after all targets which may be nit by firing at
C this alm ooint nave been exavined.
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iF (Nr .. 0) GO TO 2410

It this tqriet nuvoer does not match either the old taroer number or
* tne neo status cninqe tiriet nu-oerr then branch. we are only inter-

ested in verifying orobatilitles of hit associatei with tnese target
* nin-..ers and cnanqini tne old taroet number to tne new target status

chIanqe number.

i (NT .4R. hFOLD .ANh. NT oNE. 'JFJE) GO T-1 2J00

74:ke sure tne new taroet status cnange nu'Iber reolaces the old target
numer In the NTHITnA array.

• TITGA(4Am, IOXTkR) = NJFmE4

a
Deternine the record nUlber of the record containing the probability

Z tmat tnis new status chanoce taroet Is nit.

Z=

Real tne nrobAtilttv thit firer :4 fires at aim ooint NAM and hits

tne neau status cnaene tairoet '.;.A

i4.'ZD (2'41 EC) PTH

1700 F.jRAr (FIO.7)

irranch it t e oro- aLIlty of nit has oeen previously determined.

IF (pr1j 1. 11)1 ;, IS 22o,)

liake sure that NT contains t u oil t3rqet number.

If, (,4rt~ j NF* IF A) *:T = F L

'ini the inlex ut r-e old tar-et numoer in t e oTeR array so that
tne neN status ch-nie tarriet .1,,.oer .rav be enterel In place of tne
old target nulber in tnis array.

ihj 1I )U I =1 ~~
rF (JJ'AR(L) *~) )GO ro 1100

1800 C!; TI iFU
i' r ', ' TARGET: , :4T, ' 7LO NOT A L.3CTED.''4 -l TO 20')Q

C Set NT to the index In the irray NUMTAR oointlng to the old target
nuTiber.

1900 111 = C

Octain the Index of te afl ooint number in the NU4AIMP array.

OU 2000 J a 1, .A-;1
If (NU0AI0PW) .t , NM) 10 TO 2100

2000 CONTrqUc
rYPE *, 1&Iv POINT 1, NAO, ' COULU NOT iE FOUVO.'
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GC TO 2300

Set NAM to the in~lex of the aim 0o1it being fired at In the NUMAIMP
C array.

2100 .i& = J

C Reolace the oll taraet numer wito the new target status Change number
S in tfe NU4rAR arrAy.

NU'4TARCNT) z NF'*:4

C 3GTpr Is cilled to ortaln the new orobasolitv of nit for the firer NF
C almIng at the aiT ooint indexed cy 4AA anl hitting the new status
C ciangs tarqet lndaxed OY NT.

CALL GErPTH

C Store tne old tariet nunter bcek Into the NUMrAR array so the orilinal
C t~roet numoer will 3e orintel In tne si-ulation outout. This statement
C snouill oe removed ken orocessing more than douole level target sub-
C stitution(le - #hen one tar~et assunes more tnan two oositions during
C tne simulation.

*NOOT4(JT) = FL

Store tne n*IAv ottined orobability of hit into the probability data
2- obse anJ jt'.-.Irl arrays.

2200 Pi'ARHLT(ICXFI , lXaI, IOETAR) a Pr

C Increlent IoxrAR to ooint to the next tariet which tay be hit by firing
1 at this a r coint.

2300 IDXTAR 2 1OXIAR+1

C It [OXT4 Is less tian or e3uAl to the next tarqet Which may he hit by
C firing at tmis 41- Doint oranch to cnec if this target number matches
C eitner tit oll tarlet njmer or the new status cnanqe target number.
C It 10TAR is irater thAn the T4x im nu?-her of taroets which may be
C hit, all tarCett associatil with this alm ,oint nave been checked.

Ir (CIXTAR LE. %HITGA) GO ro I0

C Increment InXAI4 to ooint to the next aim point which may be selected
C by this firer.

2400 [nXA1[ a IDXAIV~l

C if the nqvoer of ^iv ooints examinel is less than or equal to the max-
C ITum nuaoer of siT coints which may be selected, oranch to Drocess all
C tarcets ,hlCh may it hit by firing at the next aim ooint. If not, all

aiim ooints have oten examined for this firer.
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u' (IDXAt 4 .LG. k'ALOPPY) G0 TO 1500

* Increnent tie nurner of firers whicn nave oeen looKed at.

2500 luX"IR = TOXFIit

Tf the number of firers is less than or enual to tne total number of
tar.jets in the sipulation, oranch and cnecK to see mhether the next
firer could nit the new status cnanqe taret. If not, all possible

S firers nave been exAiined and orooatllities of another firer hitting
* tne new status ch~ne tariet have oeen correctlyy ontained in theiorooanility data nase.

IF (IhXFIR Wtt. NTAqS) G3 TO 1200

AaKe sure htat All old tar2et nunbers have been replaced with the new

taroet statris cnanoe numbor in tne array containinq targets which may

* be nit ov firini at a qiv-tn air Doint, ,.THIrGA. TnIs is necessary
since te firers exi.nined in the anove section vay not fire at all

S aim onints Jn tne array sod tnus tne tarqtt nwnoers associatel vith
these aii, ortnts nave not beer checKed.

Z Looo for all oossible a0- ooints.

0 2710 1 = 1, ':A 4S

- .oo for all Dossiole tiriets wich nay oe hit by firinq at aim
- )31it Inoexed 0y T.

U11 2500 J = 1, A:r;IfT

C !otaln the tarnet n1,r er in AJT.

It All targets wnicn could oe hit -V firirn at this aim point
Nave be~en coecKeA, branch to examine next aim noint.

IF (,r .E'. 1) GO TP 2700

*If tn target nu-ner is not e~ual to the old taroet number,
brAnvch an! obtain tne next target nunber associatel *ith this
Si o3int.

IF ('Jt %F'.'010) GO Tr, 2600

Store the new status change tiraet number in place of the old

tariet nuaor.

NT,4ITGD;(I, J) = NFNEW
261)0 CITIN
2700 CO'TI11UE

C Store the new statia cnanne tarejet number In olace of the old tarqet
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nt r' ner in v~e ,i~jirAi array.

A ollfv tne old1 tar,.jet's statis cnan~e time, indicating that the status
cianive Is cooet, and the oldi tarqet will mot change status again
dsirini tlie sir6ulation.

StATJS(NSTATC, 1) 9999.')

2 3r)O j- 9 I,
RELTI1R'J
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APPENDIX D

GENERATION OF SHOT HIT POINT

Several factors exist which effect the ability of a firer to hit a

particular target at which he may be aiming. Factors effecting a firer's

accuracy may be jointly combined to define a probability distribution function

which describes the expected dispersion of shots fired at a particular aim

point. Accuracy of each weapon type modeled by SAS is defined by a radius

(r). The radius defines a circular area centered around the aim point within

which one half of all shots fired are expected to land (refer to Figure D.1).

Each shot fired at a particular aim point can be considerd to penetrate

the target reference plane at a distance r from the aim point (or origin) at

an angle e. The angle e is measured from the horizontal as shown in Figure

D.2. The assumption is made that the firer is equally likely to miss the aim

point in any direction. For example, refering to Figure D.2, the probability

that he hits above the aim point is equal to the probability he hits below the

aim point. By assuming the probability of hit is equal in any direction, the

figure could be rotated at any angle, and the probability of hit above the aim

point would equal the probability of hit below the aim point. This assumption

implies that e, the angle in which shots are expected to hit around the aim

point, is uniformly distributed over all possible values 00 to 3600.

The distance from the aim point to the hit point (r) is generated by

selecting x and y coordinates each from a Gaussian normal distribution having

mean # and standard deviation a. The density function of the normal random

variable x is expressed as:

n;,o 0 -1/2 { -

Since the probability of hit is equally likely in any direction, the mean

value for both x and y is zero, and they will possess the same standard

deviation. By assuming that the coordinates x and y are independent, their

joint density can be expressed as the product of their individual densities.
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TARGET

P(Target is hit)= _(Number of shots hitting target)

Total number of shots fired

-6- .33, for this example.

where,

r - Defines the radius of a circle around the aim point within which on*-

half of all shots fired are expected to land.

* -Denotes a sample hit point selected at random.

Figure D.1 Illustration of Aim Error
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AIM POINT e

ORIGIN

where,

r - Distance from origin to hit point.

0 - Angle of hit point from horizontal.

Figure D.2 Hit Point Expressed in Polar Coordinates
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Thus,

fX2+ Y2]
n(xy;0)= y 2a

2 7r or2

This density function can be expressed in terms of polar coordinates

(r,@) by use of identities:

2 2 2
r = x + y , x = rcose, y - rsinO, and dxdy = rdrde

The density function in terms of the distance r from the aim point is

given as

* (-r 2/ 2,2)r2fill= -2

The density function f(r), known as the Raleigh density, is integrated

from 0 to r to obtain the probability that a particular shot will lie within a

distance r from the aim point. Performing this integration from 0 to r, where

the value of r is the distance from the aim point within which one half of all

shots fired are expected to land, allows O' to be expressed as a function of r.

P(shot falls within r of aim point) = f f(r) dr

}r

r. - 12 dr

= - 2

fr-- e 2 +

r=i 2n n(.5)

= 0 .8493r
Thus, selecting x and y coordinate values from a normal distribution
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having mean /4- 0 and standard deviation r= .8493r will insure that one half

of all shots fired will land within a distance r from the aim point.

To have the computer generate x and y shot coordinates, random numbers U1
and U are generated by a standard random number generation algorithm. U and

2 1
U2 are selected uniformly from the real interval [0., 1.]. These uniform

random variables are then used in the following expressions (References 1 and

2) to generate variates which are normally distributed with variance i

0.8493r and mean /4 = 0.

xfcos(2nU2 ) v-1.6986rlog(U1 )

y=sin(2nU2 ) -l.6986rlog(U1 )

The x and y coordinate values are added to the x and y coordinate values

of the aim point to position the shot hit point relative to the origin in the

target reference plane. The shot hit point is then checked to see whether or

not it penetrated the rectangular target area. If so, a hit is registered.

If the weapon has a'non-zero lethal kill radius, the distance between the

impact point (hit point) of the weapon round within the target reference plane

and each corner of the rectangular target area is calculated. If the distance

between the hit point and any target area corner is less than the weapon's

maximum lethal radius, a hit is registered.
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